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ABSTRACT 

This study documents the geology and uranium deposits within an area 
of Aphebian arenites located on Simpson Islands in the East Arm of Great 
Slave Lake, N.W.T. The area is underlain principally by fluvial, con- 
glomeratic subarkose of the Hornby Channel Formation which was deposited 
upon a paleoregolith developed on Archean granitic and high-grade meta- 
morphic basement rocks. 

The geological evolution of the East Arm structural trough was pro- 
foundly influenced by the controlling McDonald fault system. This essen- 
tially transcurrent fault zone was active prior to deposition of early 
Aphebian sediments. Penecontemporaneous deformation features and rapid 
lateral facies variations in the Simpson Islands area suggest that fault 
Peano during deposition of the Hornby Channel Formation was transcur- 
rent. 

Voleaniclastic rocks and air fall tuffs-occur locally in the Hornby 
Channel Formation. Metamorphic mineralogy of one volcaniclastic rock type 
indicates the Hornby Channel Formation was subjected to prehnite—pumpel-~ 
lyite~quartz facies burial metamorphism. 

A large albite syenite dyke was intruded along faults of the Simpson 
Islands fault system after deposition of the Hornby Chennel Formation. 
Two K-Ar isotopic dates of this dyke indicate an age of approximately 
2185 million years. A bostonite stock intruded the Hornby Channel Forma- 
tion close to the petrologically similar albite syenite dyke. The hos- 
tonite is spatiaily and probably genetically related to diatremes which 
postdate the bostonite. The complex system of diatremes which intruded 
the Hornby Channel Formation along the Simpson Islands fault system are 


representatives of more widespread, fault-controlled diatreme activity. 
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The diatremes originate in the Archean basement, cut the Hornby Channel 
Formation and involve sedimentary rocks from at least one other forma- 
tion. The diatreme breccias are highly variable and are associated with 


extensive in situ brecciation of adjacent sandstone which was also in- 


truded by breccia dykes. Development of the diatremes involved explo- 
Sive activity, fluidization processes and possibly hydraulic fracturing. 
Extensive albitization affected comminuted quartzo-feldspathic breccia 
matrix and sandstone adjacent diatremes. Sandstones within a couple of 
thousand feet of major McDonald system faults show evidence of widespread 


Eriaciti cation and albitizgation. 


stratigraphic levels within the Hormmby Channel Formation. Reduced ura- 
nium mineralization is characterized by interstitial, very fine-grained 
pyrite and uraninite within grey to black sandstone. Uraninite occurs 
in various states of oxidation and has commoniy been altered to amorphous 
coffinite. Minor chalcopyrite and galena are commonly present as well as 
traces of cobaltite, arsenopyrite, hematite, anatase and covellite. Ura- 
nium content commonly ranges from 0.5 to 1.5% Uz0g. The reduced uranium 
mineralization is epigenetic, has a patchy distribution, and is associated 
with morphologically similar patches of red hematized sandstone. Oxidized 
uranium mineralization is characterized by secondary uranyl salts which 
occur interstitially and coat joints in both red (hematized) and buff- 
colored sandstones. 

The Simpson Islands vranium deposits may have been formed by ground- 
water processes in a manner analogous to the epigenetic sandstone type 
deposits of Wyoming or the Colorado Plateau. This mineralization may 


have occurred during the erosional hiatus represented by the unconformity 
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at the base of the Et-then Group about 1750 m.y. ago when the Hornby 
Channel Formation in the Simpson Islands area was exposed to subaerial 


weathering conditions. 


yhereety ate hadi ve peony ORS re 


elmiogs! de. ” Beebe, BEM “7 sate nee - 


> 
af 


. * : 44, ag. 
* ' “ is rf hi aah 7 2 i) ‘aan 
~ Fi § 


~ 
4 
ba > 
. 
~- 
: - 
— 
. 
« 
4 
- 
* 
“= 
? - * 
* . 
= h 
0 em Y e 
] 
fn ' 3 
- . - 3 
Py ’ 5 
x a 
. - 
= . . 
a d - . 
° 
7 
® : 
« 


ACKNOWLEDGMENTS 

I wish to thank Dr. R.D. Morton for his supervision and guidance 
during the field, laboratory and writing stages of my thesis work. His 
encouragement has contributed as much as his advice. 

Mr, A. Rich and Mr. J. Greig made this work possible by employing me 
to conduct exploration on the East Arm properties of Vestor Explorations 
Ltd. They initially suggested the Simpson Islands area as a thesis topic 
and have allowed me free use of the field data which comprise the basis 
for this thesis. JI thank them for their support, guidance and encourage-— 
ment. Jl also acknowledge with gratitude the field assistance provided by 
many emplcyees of Vestor Explorations Ltd. during the summers of 1970 and 
97. In particular, M. Kenyon, G. Hartley, Dr. N. Badham, HE. Pratt, Dr. 
©. Herzberg, Dr. 5. Drury, B. Brugger, J. Netterville, R. Kelly and Dr. 
M. Olade contributed substantially through their efforts in the field. 

Many geologists who visited the Simpson Islands camp contributed 
greatly to my understanding through their stimulating discussions and 
generous sharing of ideas. For this I particularly thank Dr. R.Std. 
lambert, Dr. R.E. Folinsbee, Dr. J.F. Lerbekmo, Dr. O.M. Trigg, Dr. Tf. 
Botrill and R. Hormmal. In addition to offering valuable discussions at 
simpson Islands, Dr. T. Botrill generously hosted a field trip, sponsored 
by Vestor Explorations Ltd., during which the Huronian succession in the 
Blind River area was examined and compared to the Aphebian rocks of the 
Kast Arm. 

Dr. D.G,W. Smith conducted the electron microprobe work on which the 
identification of coffinite was based. The drafting of many maps was done 
by F. Dimitrov and sponsored by Vestor Explorations Ltd. 

I am most grateful to Denise, my wife, who has contributed 
more than any other to my thesis work. 


Vid 


sabuh Segiba Toc eee & ee ieabek ie at Kane? ee ; 
aft «thane ea? Yate ges  * bei: oe deep re | mone 
. | re y 4 ain 0283 ats Bd miagn et 
bi ’ i ai 
aT ae iia wf old eo Bor ‘rs ai: HoT —_ phe ja 


lel eues) thn Phi ; . y 7 , . “Te no cocoa 
4 | . SF SOleeiays. \ pdt 


i tei aah, Oh gece Bee “34. wi 


ll i104 } a, =) i) Ue J - 
ae 
awe ; ’ : ie ea Oe 
{ pe ee Se ir 
- ai a 2 rn. S&S ‘io iy. Vs een) ne 7a 
me i G 1 7 ST ; baal Vary ab aio al _ 
> ; 
e S 
$ eles | =" +“ is e Lf 
mae Pai ¢, cu 4 + cal’) ty , dls 
i fen ‘ \ 
IP as Bie s 1sieuliry A+ BOT > 
Bive : thle er dd (eacauly sicher 
rug og ear Le eit Gi30) sarn: 2 deb me 
y 7 ni) j ? wie) — HL i’ te AL ' 
MP ae) Artie ott \wueac Poste g A Ane 
(*. bap ran: hokb- ci de lew ayikees he ot. des bis cL caatitt4 
* 4 - -- i > . 


: Larcarcee test ieft © bbe! cieticcenes iia i sae i 


7 oi if 
sa a) mz ese Paanye elriou dd wt tiekin bet? ep OPT amt 
sé ts sels. Hahah Fist f Osteen, Bs ‘ae on 
7 t = We cf - 7 ‘ 


ao fa aaa ae i) pov nqetvals act tetaetaen we ey ' 
-d Ge are esa pte ef: Ah oa gested « 
aT 


¢ sugahcsaie Kong tot: 


eV 
RAIL Fite 2 35H yah va F: gene 


' 


Lae ™— ae i 


ty eas 5 kee 


TABLE OF CONTENDS 
Page 
PE A I EMME Lota otare Gace toceiodcve, «7 cteh el cve ee (ekchotecotshetonahateteleteretetetoleteterstweielcbeiere’s LY 
EO e LO ete EAL ss hskebetokelotctotchebedatetsssdebotel stotenchotoleleleteletskolelererersichete¥sreters VAD 
Ea ott NOU LAMORIO, Laeiekdie ol akatcvelsteleletece evs éte eteloilststoletetetetetsdevehs 1 
CTL Ce shalatetea ahs stotet etal ete der alooe Shela etl Ate Ge oXevekon ob id\ohbnsherssoboievene 1 
MOGH Va GiteCde IS 1 St CSS Betdsic es stews cle vilele es Sw elsttieeids 64.6 08 by) 
Piyei ography andeoMrriCiadl (GCOLOLY) sc u's eo see eie vse ewe cle 5 
eo ia ON Vtew shy Gieie sigs oie a's wie o-s #ie) 6o.0 oleie) <i 6 \eisiaierele's 619.6 ois 7 
RCO 2 ail tots rs Re Wae) ale pis oleren diesels siete niece <1e.016 016. ¢ 4 e\elecsie’ els 9 
Ne Dpt ae eC MeSia alee iienicm «thes steletelleisis slewleledeiccics case. IO 
ie ete mee i Ucn eral spa Ae GN dau onewckabahovohetoteteheve)steretoted steset ol ere ckehere 20 
PDEA CGO aire aelloe ch ctctatele totelalle stohebelstelslaseVot shaver el dtohehsbetsten sl otelerensis Cu 
Morphology of the McDonald Fault System in the Bast Arm 20 
McDonald Fault System in the Simpson Islands Area ...... 22 
Piero my came auieane URE, Wineicttetdt. avo debates, rite ress ee | 24 
ems Grease Wa 17 eee tests oll ats erates sie Mele ses ost e He Gish ese) | DO 
erst OMe ahO Acie ie Aaredsricsxdeeb el raoctendd kana alice SOE 
SUH UMS U MOOT OmMGh ites aowels mtole ocweleleewiaebied advise ce > 20 
CHAPTER III. TOTO G OR eT Ht PHL AUAD sss 6. ves eee sets eee ele. 29 
MICOS TINA, (alae le aketale! «wie soles <.aun tel eternal a o°@ a 1elels aialaieial hele, oie-eveisieo + OF 
Rock Underlying the Hornby Channel Formation ....eeseeos 39 
Pe vean wer bo hide MC OMINCT Gates ic clasle ele sw miei sees side es OS 
Rereeorn) Semen Ot?) car triaie ees Galea wie 4 's'eic wine winle'e seo. D9 
Dai UaOe TOI wo wate sas oss clea baie site Raccdcade ges — AW 
Uc ae cares ets oie aicighatote’adipse aveisie eA eles sie slew dss aevaccsecs. 40 


Spero Gthe Hornby Channel Fomiation wecisicececicsicvceciceeies 641 


a at 


Sa Ve 4 

> 

’ ’ © 

; 

7 s 4 

A ane 
‘ 

= 

44 

pa 

Mo, 

“\) 


oy —s 


Oe feo 2 ee 


ees, panna kevasity ‘ygdercyt meh 


CO etek 14a W¥ 


e 


ew 644.44 +s 
“ 


7. Pom + 


188 6asa eet 


a oo @ ele - ee es a * a, 
i 
1228 +; jute éwvbe Se der a ee 


ae, aa fay - Rah nS ie T. 


= e * 
Ser Pee eo*s 1808 @ ee 


"Se 5p Ve #484 > ‘aaa Se teude dir 6440 


I : 7 
ae eT eS 
' , ry ‘ _ - : f : he i 


n ow a ° 
¢ 
2.9 © Hess eee ee ey ayaa’ tairlhaite “oi 


ot pate ee 8 8 8 
oe eae ba) 
1s Je ced 'oci-cle 6 «4 ovine eee be eee ee ea ae : 
: ae : o ‘ : 
. 2 ~ ) f r a 
rh i. ‘ rw Peters eee ea oo 4) Gwe Kee nthe eet 2 
: he |e 
£ ' ae ’ ‘ 
a* 4 i «eo yp 2 we @ © ee (aa eae Ce eet Oe seal hate slo) >), = 
J fg 
i asa 
4 se uow« Yee as eo eee ee ee es ie i 
7 i . : > ee 
Mes ub) Kepastary ie ‘ai r 
i e / * 7: 
, ee te ss *2 6 4 © we i‘ . Sok ie «ws owe A ie 
‘. of sa 
d4@t-s 4 rs oe & eee woe’. VWe oe Oe tb ble eit Laity 
+ « 
‘viva * So eines a) ceri. Tee) dobpatitat i 
- x 02. > * 
* om oS a 3 . ge ae 
de Vin ees Lated gh eceek aM Se 
ee tt Ae 
1S.) Bae 
emi ae a =» ees eee ae obi, 
LS 
i sis aie ete Pgs ieee oO af y Lae ey 
: ; H af a 7 ae 
.o4 Boas GHB Ia tpeo le ata ‘ukile 
= i A : , 7 
. 4 | argh te 
. a | st eae =e 8 s@e  & & oie _ 5 ms 
s + o@ ei ha ~ fe 
o § se €@4406 e's * &e ’ SUC ASTyEeLacr 
4 = & 
® ’ Ws ww weey 6745 +2 4 @ oe orn = | 
1 
: 3 + ’ 
oO ais re Pee ee sean ev tne weeks oF 
“ > 7 ; J i 
844 Tex *e@eGgaw s (ite We Ata 
¢ & * . 7 ; 


8 20 Oe oe = 5 O88 @ 


assed vp etsn eee ‘ 
' 1h 


> 


a 
% eS : i 


sr dhesss Saluaer i 


: 4; : 


i. - 


Page 

rei eC OU GPa) se s:s44 06.8.0 cies 6 9 646 0 ¢ 6,6 6.4 4,0.44,0 600,06 44 
Detailed Geologic Mapping serescceccccecceccecsescscvvns 46 
Rie Re tec o 1a a) lees a) else bv oes 0. 4,491 ai, 6 4, 4, ©, «, 0, ©, 6, 0.0, 4. 0.6, 6.406. 4,6, 0, 3.656 46 
basemiinepe: Layo e vo WWSSCTIPTLONS « as 6 ¢,¢.6.¢,0:0,¢,,¢,0.6,5 46 
becomianoe! In thio loe1 G DEST HuLOnS aie elelnncdecness, TOD 


Stratigraphic Correlations and General Comments 
on the Base Iines 1 and 2 Geology Maps .ccocsesceses 16 


Zone aL Geology eoese@eeooeaeseeeseoeeoeeeeveeeeeeeeeH eOeseeseeeee 87 
Zone ip) Geolo ay @eeeeeeeseaeeceesveeeesvneeeseseeeaenesneseoseseeae @ @ 89 
Romeo lake Area Geology e@ooeeetreeeeeeoesetseeeteeoeeeeee e 89 


Geology of Sig Peninsula and North of Cliffed 


b> Mie ings Alar aushs a tele: EY eameveisl oletelstel oats e.4, 6%, 0,0, 3, 0, 6,0 o.¢. 06,0166, 0,000, Vee 
Geotiamymotered Pendicul a oi asc ss.oiele, >, ore, 40,0074 4 0,4,0;0,0.6, iO 
CHAPTER IV. STRATIGRAPHY OF THE HORNBY CHANNEL FORMATION .. 99 
Bieta eC hall ats ate ccalelaua cuelsin sie ci eialelale. 6c iecsipl ie el ebeitie; eumteks: o(6iale.e.e oe, 


Base of the Hornby Channel Formation Outside the 
Thesis Area e¢e@ececeeeeeoeeeeeoenweeoetenaeoeovoeeeeeeeeeeneneae te ee Go @ 100 


Sub~Hornby Channel Formation Unconformity in the 
Thesis Area eeeenerrvesvesevenwmeoeeeeeeeseeveeae Cee oer eecseseaeee ee a 102 


Stratigraphy of the Hornby Channel Formation in the 
Thesis Area eeocoeeesreeaevnee ev eeeesee ese eeéeovoeeeeateoeoeeeveeeeeee 104 


Depo Si Lol se iy MOMMeIaG ti eiels cess calesle pices cael peices ces | 100 
OMG LUSTIG) stele wialdc sieisleleioléis «isiaiele Oelamawie saieesicsGieccciog se lta 
CHAPTER V. INTRUSIONS, DIATREMES AND ALTERATION ..cccsecoee 114 
Pel Woe Wioliicre Ty KON is a cieieicleeigcle eieis eicveiaem cine tw ane diene e | | t4 
Ps CON GAET aly dies sistas o a\eiAle Pretsla wieisne ie e\ielsrs pislae e'telaee aa. 16 
Dae Os eeNe aaa ata ie cats eel o le «eee souk a e°einibo 2 eye oipiale's b's #00 Vel IO 


Source of Non-Hornby Channel Formation Sedimentary 
Rocks in Diatremes seenmoszerv ener Ceeoeorseeeeeoneeeoseweoeoace sts @ 125 


, ‘g 
I = 
; e > a 
S) ) eet — 
me : - ; ; ; ry LU , 
pe (Oe ee eee sees eer wee ee ee Ser ete ¥ alnliageyeaeeslig , a y 


ergs (ved reas na ay bla + —_ 

oe Win Alea es n-vige ge Ng ROAD 2 7 i af ra uF we Fi 5 
- nae pains OPER re ee Pease a cet ea 

BY \ yccntedessdae siete chen eee ere 

| | ; ae 


Ps ee os UNO Soe Te Tete ye 


a , my 
|, ae rer ererae Pret cre Fry yest Gest ) 


ae. > se Sal ak Vo eno ‘ dG « @hihka nat aaron em 


‘ ~ ~ : 
st _ f . ' er 
(* a. a ae oe | Ss A one 4 ry hi hf a vi ‘“? - » Ab A sslest coat ui 
« : : ; . : ir) t Bay ae J 


horus! )s Se Foal) eas ee “ae! fuels 
Q% ies Cities 5 ae A FORT halite dad va 


4 


, 2e werd 4s :* aeu* is +4) ss ign bee, ity 
iy aim, Wu ty i mid, Min? oa TOM is iil at et a 
| ig ha Cerin ee eae Ae PAS Te eG sit deed er 

de | ? 


’ As ‘ a ih rea ‘ ha 7-7 
sgt a ee oe Oe EG Seal i Gato 
; (A>? & tie . es © 5.0 ie | 4 bo@ err Flown”, 


ir sr er ciel ii Noml oan? peeny 
. "2i5/ Sanat eer && «oS #e 6% Se ee 


| aor n= - (Pleas oe feaseds go eral: ‘7: Ee 


a>? bir an Shen) +> Reve «'y 35 Oy Save hea Oe 


@ 


; ; 
ey : Agar 89 te pel tees ube eo pert eee O98 4 Ee esrb 


f se AVS, = pe Tn. tele Cee ener ween 


Po Sit cess chs «+ BRUNE Sroka Abtqinte yt ae veer 3 
: ii SCM rane R kbs) thn. Meal seecien iain gs: ie 
" 7 

+ 
: 4 he AP) wea 66 6 o0K4 « oo pe ree hEdeawh en's aie 


1:3 Ge, eomainie ae Cade 


ea! (Pgs apd dh xs oe a's 


a i neers 
oe ae 


- Ca ee eres ie Oke as eee) % | . eae ea 
we 
=I 


‘ 7 


oo 
et > 


(33 


Page 

oe eMC OIG td OUis sisieladinig aes ed sangre es sietee cee setesees 128 
Alteration of Hornby Channel Formation Sandstones ...... 133 
GC de NOL © a etsh lo sletete a a tele’s steleie aleieiele s 66. 676's 4 se b.clee oa ee oe. , 1oD 
Peete nev, URENLUMe RUN Aci AT ROMs secerets clewis 00.00 0e.c.cesccieee 15) 
Marea O20 U OK eae otale ote fetetpts se telele©e o.6o10.01910 bos ,0 :0 58 210610040046 2 ihusyeieis 1 

Boga OAC Veuny ay apie Sampson) a sland SeA Tea: Wee < steieb os ee «157 
Dre ced, Unda Wii re as ON ais ots clelere s jaferels clelelesio~ oaces 149 
HeCmoeods UmAnUiMplii te Lathe brOM Ms sisles «sie 4 6.cciees.c.ce vice eres 145 
Nonrads oa chamerheduced: NawmeraliZaulOonn st. ewes ccssiveces 151 
Relationship Between Oxidized and Reduced Mineralization 154 
Cevieol ost UTomiui mera T Zab ON ls cs cecavesaccsecseseae OS 
ele CONC MUO LOND! fs oiisiae see ms/srelcias vielnie's s.n010 6 0 sis sel sies cece bOC 
Reames Tie Fete tate ove sles eialslgieeiclo sve soe cis 0 ves = 04.0 s14 0.0 sieeecleeeces 1Ge 


APPENDIX I eeceeeoeoecoeateoeosepoeoe &©6@U@esevoee eo secoeoeseeesee eoeuee*eeeeoeoeoesernseeevese eee ee 8 188 


‘ Ve ; 
yh ene «Wai yi = ahaies Sona a ee 
“ep anatase? to. Fm Oe) Liem) lai 
ln wie ii. Veh. 


phe me fee he sae ieet peas 


is #6 44 ee 


a 4.6 
‘" ‘ 
‘ 
* © 
- ** 


¥ 
» 
>. 

- 

4 
= 


| Aled eee ae Bere 


at % 


¢ 
b 


! 


oi ecg ba Aotas. oie 


; 
he id) a ce Aa“ ae, spite gedag 


(jhe e) yhiae 4) 


e+ e001 eee ot ee oi eeee ben a ; 
N79 ae 


4 
a> 2s Serer tose teehee ds cen ye ebeeeey. 
: | 


“oes 


LIST OF TABLES 


Page 
Major Stratigraphic Units Separated by 
MOOT EO nING LOS atlas ti leu el eibd AI ioe eee jee leieie «0 816 6 ‘al 
Table of Formetions easeco4ese@eeee7e+eosre#eseeweoeeeseeveeset est ee 
Equivalent Map Units from Base Lines 1 and 2. 76 
Generalized Stratigraphic Section, Hornby 
Channel Formation, Simpson Islands Area ...e.. 105 


Partial Chemical Analyses of Representative 
Mineralized Arenites from Great Slave Lake ... 149 


ad. 


Sani 


es ; 5 = . 0 55 v 
: an ad y , * Hi 
i i ; 
‘ bg A Ai ay, ‘ a hae ays 
; ve ODS M eeie EAU A sah Kes eae 
ny s**t Vad Ate ows are | Tous Nee I a - bark 
b ® 
hd fay %, 4 
5 * @ ***<« * ’« » ¥ v ea aed ee _ ovata 
‘ s 
- ; . alls 


A Lah gee ra 
gi} = list bc) Oe Ma 1 ata ian Pe nf Ben’ wid es 


3 " 7 \¥ 
pave! - HF ye “uh oy See, Soe ae ae 


ae arn Oe "abe be Lanta 


. >»* ; ap ML € > 
— zat Pas a Tey iat \ ; erst "\ iig.ce 3 Bil 
+ oaw D2 Ad 4g } an we tN ica pda 
na a 
—— " 
‘ x 
ae 
= 
4 
ay 
7 / 
; ; 
-~ * 
«@ @ 7 
= ° 
; ~ 
i. 
4 
a 
- ah a Fd 
é 
5 « = nl e . 
oo oe 4 ned 


LIST OF FIGURES 


Page 
Figure 1: Stratigraphic Cross-Section of the East Arm... 13 
Figure 2: Tectonic Hlements of the Slave Area During 
Development of the Coronation Geosyncline ..... 15 
Migure 3: Model for the Transition From Incipient 


hitting to «Crustal Sagging in Aulacogens ...e.e. 7 


Figure 4: Schematic Section Across the East Arm North— 

east of McDonald Lake oeeeoeetceoeoeeeoeeeeeecgce*r @eGbeeen @ 29 
Pigure 5: Crustal Profiles Through Yellowknife at an 

Azimuth of 50 @eeeetveseeasessoceeteoeoeoeeeee ee eee 8 ee & & 40 
Figure 6: Schematic Section Across the East Arm Through 


the Central Simpson Islands Area cssscscccscces 32 


Pigure 7: schematic Cross Section Normal to Base Line 
Cea oEy 4 OW, @e*#eceenreeenseeoeesees*eeroesseeeeeoseveaeneveses oe SG & wo @ 78 


Figure 8: schematic Cross Section Normal to Base Line 
2 at 10 + 75W eeeeeeeeeeseseescoseeoeerte FT @@eseeewvr# # Fe 


~ 
\O 


Figure 9: schematic Cross Section Normal to Base Line 
2 at 73 + 5OW @eeeeeeoeeoeeeeeoeneaeeonnenaee~esee en ese awaee eee ee & 80 


Figure 10: schematic, Palinspastic, Stratigraphic Recon- 
struction, Eastern Portion: of Base Line 1 .ese. 84 


peeare 113 Schematic, Palinspastic, Stratigraphic Recon- 
struction, Hast and Center Portions of Base 
Pier hee, Se a etal cie owes 6 ees eee SS OES EKO CSO 85 


Figure 12: ochematic Cross Section Normal to Base Line 
ee acG 60 + OOF eseeecn#oceoesepeowneoseaeeeoeseeeeseee ee ee @ 86 


Figure 13: Paleocurrent Rose Diagrams of Crossbedding in 
the posan. Group eee ence @e#e Bee eeS eK HE EHRHAH HCHO HOHE EHO 100 


Figure 14: Stereographic Projection of Poles to Joints 
Seq Wuarus Veins 2 rome ONO ly Ge edecnsussseeerne (142 


Figure 15: Relationships Among Joints, Unmineralized 
Sandstone, Nonradioactive Reduced Mineralization 
SnuMiemaiZeds DaNOSTORE sevesedevecwsusveevsoanea (193 


2M] ORT a 
Lt Ge re 


Ane ae onion lh Sie '5.c0ey amma Sia 
ay 1 oN 0S Chae Oakes is euro oe ae sh = et Firm ge 


a) So MEA FaBiloed? “hitie (i eeea gs Cee Tar, a, 


wi G1" -co LT ieee aren cot = ~ SS 


yiaterh dry | #2), ear a eee ? Rhy a 


; a : 
‘hy. 20) , ' A A EOD ae ‘ ay sal 
7 , ES os eves Ane 
Si . ever eea*® ’ *<* * & + mt » Nis alias a] \ 
“" 
+ ot Sia, Dee 
: as 2S iy wate wid Gees ul rl i 
‘ J f ae. ; 
oa : ebm oo aes 
| oe oe rahe + on 
, : P : i" 


aby . a 
a ¥ nl 


Tey Seal id's 4k s 6 eee 8 ifa feat bathe one ‘.- batts 2 ‘Pie & ‘ ‘ 


2 Anie 230%; 45 bei) se BAe lois dic 


: We A St aes obveiigansigee oa 
he wae ve 5 OR (Set Shes wiaapadl Sh 


an “a 
as ciyidd Sidaltntecaend sn Loteetatinl va i 
. SLO See COGS eS cae Oe Ar 


“ 
& ¢ a+ = t&«® ee ae | 7. >% sam (@ ote es € fie 


ait SA et Cepek tok ags Sree gay, ay). 
ee e86ea234 04088 q sée oe a < : 


uP a 4 4 ig* be a 4 ork ae had yy 


OF SoSeetoes| “> srocghest wea irk 
ae ne rel Lea te 786 © Me Pees we ayy ty ‘ 


nanie a Salt 26. Nuizpe pul 2 
bedeceppanecei ane. & Stil pare Gal 


Le: 


LS: 


LIST OF MAPS 
Page 
HO CEyGOTI Ni) OMe as o's 6 aie oe 1e erote tele +s cle ote eletelel ee le\ehele e's bee. 2 
biel Cen Coe ta eis alee oieie oelele ale etefote’s eles seo ele le%s eels « 0.6 4 


Regional Geological Setting of the East Arm 
Fold Belt @eeeeaeeeoeceaeteoeeeoeseeeaeeeeeoeeweeweeeaeeeeoeseaeeeeaeeeeee & 6 


GeOlOg On sche mo rmpoony SlenCSRTCe  seisletesese asics 8 
PC eae eed et enV SEIN vabeter tele: oleseleys eae ce evsieioreelaie 1) ese 6 0° 21 
Ma jorvlaultsrim the wimpsom [stands Area ...csescess Fllg 
Summary Geology of the Thesis Poe CHaLS geisis sine owieis s! . DOCKED 
ey CeO MTC OOTY Wause stole tatelecd, ¢) ore ous vets olaie is bien, ears, bie! eels 47 
RASC iikeec Todd OMeUraG WULVCY. (sis o sle.cie'ele erste ie 6pie.e ie eie-« 48 
ee in TG GGG On Vale ss ts sh e214 (ely'ele (s e-eleneiminae| oe > oer ee) OO 
PASe Thies LI ReGLOme Game Us OAe | 6y, ob Jotete erase ele eras > ocelete\e 67 
LONCMEEGCOD OND eigenislscele: state ets bie! ora oe lele ie x vdtele clei: sleléiplere 4 88 
POMC rE Dy a GOON OL Mis ates. eg alo:d'eqstelalere aie dtslec 606 6 alslolele oie aisle oo DOCKED 
ZORSEDE RAOPOIGEGYLG, OIAIVCY! aisareie o ovole sie'¥ vices oc see's 0) DOCKED 
ROMGOV nee APC ANC COLOL 1s ovate ele lecals sas cele sles 6 eersubern'ee 90 
ig sPeniusi lar Aree CeO LORY lactone <iersle! wile oi! 9 ele evereisele oie 95 
RAG Oger. Ver AOnpu Oe COIUd OLS t letd aig v'els sieve aw siciee seeescieas toe 


Zone 5 Assay Map eeeweoeoewe#weooeoeveeweeeoenewveeweoeevseeoeeseaeene ee eeee 140 


* ‘4 - rn ' 


“hs 40 42ht 
oh al ; ; - 3 : 
wit oA dees vee Oe Ae oe CEE we ee gehowmtaany 
ce a 


i 


t 
+ 2% : = 4 a 
é » &» Oia @ ‘ ‘ aa5% swe Vals s ‘Wean vay thee rene jee ©? re reat: a} 


; : ia , 
meh seee inl. Se at ertoe aise ; 
e) =wWe@eeaes - ‘aes © s pia Y — eve 74°28 @@b ©8 @®P Sime wt _—_ 
~~» ae) 
: tos < 


‘ ravens yee has. GG en fet, yoRGiLEE enh SG i tase 


2% , : j 
ee ee de: Bokoot: Yremaue 


’ \ : a. 
Te ere ae ee ce i 
iD - a : * 7 ses e oe Sisd5 y pel sh aie Fi 5 tard ds “shes 


a es nwa e's Se o cabsmeeeaus : Peet , ae me 


irae? WErieg hal £ cl 
a sacked ek Abe WA Ue e pee nial 
ae hh tea ves re Pe Resear = 
Feet wa eT Crete yuu ovine ad VRS sada e wpa 
oH bA oad bam. Bie 34:6 cy's'a Cu-00s an o de | SS A Rt aS 
es peacaneh. WU ans vad: oat ce spamihtagea yD 

LEE’. Whee dabebiasdsieta.cds.- Geglfnaid wast, evita oo b 

“ei = 


LIST OF PLATES 


ao eoseeeeoe ee eos eee eeaeezneese*#sceéeoeosaseeeaeeee eee ev eaee@e@eaeeswsseeeesoeoeed 


e@eeeoeeeveeoe@ees@eee#eoeoeeonee#eeo#~seoeene~eaeonewsesaneooa eee oceeeeeseee ee 


2 @@eeonwoeoeew*wtoaoe* ceveegaseeese G7 eee eeaseeseeaseaeeoeeaeeeeewneeseeneaeveee 
4. eoecscoceaeseoeeeéeeaescene# €Ceseeseoaeoeeseoeaeasovo@eeeseseeanm ee eee ee @eeoewqspe see eee @ 
3 @e@e@e@eoee0eteteseescoee#swoeaeoeoeeeoeoeeee#eseeeesveaneeeeeeeseneeaeeeauveatceee?e 
6 eeeeeeeweotsceoenw@*qsnovoeoeoe*#oeoeeeoeoeesoeoece#7en ee eee eseeasee POSH HeEHEBE SE H&E 


“lh e@eeeeeeeoeoeneceeeoeeeee eee eeeoeew eee @GeGCSHCseHHoeOHeeBCHeEHoHCHeEH#eEBH OO 
8 eeeececeaeeveenoeeewtoeesveoeoeoe oe eoeoeewmoeoeeeeseeoae sre eoeoeaeaseeeeeeaeeaee ee 
9 eeeoeeaetpoceesneaeseosxs Cee eeseseeveevesvseeeeeeeneeeene ees eee eaeeeeee eee e 


Pe cies a neha co ate ta GB acess eis ot 


eoceaeset?seeeee@qesteee7eneeeeeeeeoeeteeete ee 


Sav 


Page 


165 
165 
We 
169 
vie. 
1S 


15 


“hi 


~ 
: ms 
>= 
* 
ni ee i hican a 
web: 
s ty® 
-_ « «ss Ga 
ea £4 @ @ @,¢'4 eee ss sé 2 t e=. x 
.* 
- 
i 
. * * ° e* 4 af » eee ~aee «4 ® 
= < 
. 
a situ? ae «se © 4 
q ~__* * 
se 
—_ 
* * «44 @ 4 ) 
+ 7 
‘ % ’ ~ . a . : ‘ 
«= © & ~@ € e > ¢ #4 ? ® ee 
- 
hea @ ©9840 @A a 
* ‘+ ‘ © 7**F Te@ese eee . 
» * . 0 By 
+ 
e 
- 
« st 
(\- a 
i 
q 
- 
‘ 
‘ 
. 
i 
7 * 
7 ‘ 


ee 


ee ee is, 


04 de Es Ee 


++ ahaa 


ry «pent eee ae ~ 


la Pa pe 


8 938 oe ee 4 4 


A 
ee ee ae 
Tr 
+o 6 tof € pov ome 4) ee 


a 


oleae fi 


(aos haem 


CHAPTER I 
INTRODUCTION 
General 
In the fall of 1969, Vestor Explorations Ltd. investigated an 
occurrence of uranium mineralization in Aphebian sandstones of the 
Hornby Channel Formation in the Simpson Islands area of the Hast Arm 
of Great Slave Lake, N.W.T. Over the subsequent two years the Company 
conducted extensive exploration, including about 9000 feet of diamond 
drilling, on a block of some 570 mining claims in the Simpson Islands 
area. Concurrently regional and detailed uranium exploration was 
conducted in Sosan-Group strata throughout the Hast Arm of Great Slave 
Lake. 
During the summers of 1970 and 1971 (totaling eight months) the 
writer acted as chief field geologist in the East Arm for Vestor Explo- 
rations Ltd. It is on this field experience, mostly centered upon the 


Simpson Islands area, that this study is based. Because detailed mapping 


) 


completed in the Simpson Islands area provides a better understanding o 
certain processes that were of importance in the geologic history of 
much of the Hast Arm sub—province and owing to a lack of detailed 
geologic information concerning the western sector of the Hast Arm, 
the thesis area is not treated in isolation. 

The uranium mineralization encountered within the thesis area is 
Similar to mineralization in sandstones of the Sosan Group elsewhere 
in the East Arm, particularily near Snowdrift and Reliance (map 1). 
The Simpson Islands deposits are thus seen as representatives of one 
type of uranium deposit found more extensively distributed through the 


Bast Arm. In a more general sense the East Arm represents a uraniferous 
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metallogenic province which encompases other types of uranium deposits. 
As a final consideration, some of the information derived from the 

thesis area (Ces geochronology and sedimentation) bears upon general 

problems of other Aphedian sedimentary basins within the Northwest 


Canadian Shield. 


Location of Thesis Area 

The Simpson Islands Area, with which this study primarily deals, is 
located in the western portion of the East Arm of Great Slave Lake and 
is ee nstely centered on latitude 61° A5'N, longitude Mew 30'W. 

Map 1 shows the ocean of the area with respect the existing surface 
transportation facilities between Edmonton, Alberta and Yellowknife, 
N.W.T. Great Slave Lake provides an inexpensive transportation medium 
while charter air services are available in Yellowknife, Hay River and 
Fort Smith. 

Map 2, Hast Arm area, shows the location of the Simpson Islands 
Claims with respect to the East Arm of Great Slave Lake and other claims 
held in 1972 by Vestor Explorations Ltd. which covered favorable urenium 
prospecting areas and known occurrences within the Sosan Group of 
Sediments. All major outcrops of Sosan Group rocks are also shown on 
map 2. 

Map 6, major faults in the Simpson Islands area, shows the planimetry 
and existing geographic names in the vicinity of the thesis area. Map 7, 
Summary geology, places geographic names assigned for the purpose of this 
study as well as locating the two base lines used for detailed mapping 
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Physiography and Surficial Geology 

The topography of the East Arm as a whole contrasts with the sur- 
rounding areas of the Canadian Shield. The East Arm is an erosional 
basin developed in heterogeneous rocks and is characterized by widely 
varying topography, commonly with local relief of several hundred feet 
and cliffs or steep slopes. Ridges elongate in a northeast-southwest 
direction, parallel to the structural grain, are prominent. The sur- 
rounding granitic Spuand of the Canadian Shield presents a rather mono- 
tonous plateau on which low rounded hills rarely exceed 100 ft. Within 
the Simpson Islands area, the topography is somewhat more subdued than 
most of the East Arm, but local relief still reaches 400 ft. and numerous 
fault line scarps are present, the highest of which rises 350 ft. above 
Jeake level. Relief within the area underlain by the Hornby Channel For- 
mation is generally very Low (less than 100 ft.) except where cut by major 
faults. The granitic basement rocks rise with the highest relief above 
the less resistant sediments and the larger areas of granitic rocks ex- 
posed on Simpson Islands simulate the surrounding granitic shield terrane 
in appearance. 

About half the thesis area is covered with Pleistocene and Recent 
deposits with outcrop comprising about 80 to 100% of ridges (along faults) 
and lekeshore areas. The cover is predominantly sandy till and muskeg 
which in most instances likely developed on till. Drainage is disrupted 
and runoff is limited to the early spring due to a dry climate. ‘Small 
areas of Pleistocene beach shingle are abundant and were seen as high as 
200 ft. above present lake level. The only extensive areas of stratified 
sand were seen east and south of Paddlefish Lake and are thought to be 


post-glacial beach sands as they lie well below the level of the upper 
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beach shingle. Roche moutonnée topography is prevalent and, together 
with glacial striae, indicates the Pleistocene ice movement was towards 


the southwest, down the axis of the East Arn. 


Previous Work 

The regional geology of the western part of the East Arm is only 
very generally understood and the only mapping that covered most of the 
area was that of Stockwell (1936) which was carried out from 1929 to 19%1 
with a few modifications dealing with a small portion of the area by 
Reinhardt in 1969, and 1972. The geology of the Simpson Islands area as 
mapped by Stockwell is presented in map 4, The stratigraphic nomenclature 
is basically that of Stockwell (op. cit) as revised and amplified by Hoff- 
man (1968b). No maps have yet been published which incorporate Hoffman's 
revised nomenclature. The stratigraphic work of Hoffman (1968, 1969, 1970, 
1973) and Hoffman et al. (1970) has contributed greatly to the understand- 
ing of the geologic development of the Hast Arm as a whole and the tectonic 
environment during deposition of the Great Slave Supergroup and Et-then 
Group sediments. 

Contributions primarily te icd with the geology of the East Arm 
are listed below: 
1) Bell (1902): Reconnaissance regional geology. 


2) Rutherford (1929): Deseription of stomatolitic dolomites in the 
East Arm. 


3) Lausen (1929): Pirst attempt at systematic stratigraphy. 


4) Stockwell (1933): First systematic report of the geology of the 
Hast Arm. 


5) Stockwell (1936): First geological map of the East Arm ane ey oe 
maps 377A and 478A; 1 inch to 4 miles). 


6) Brown (1950a): Placed Stockwell's geologic mapping of the west half 
of the East Arm on an adequate topographic base. 
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7) 


18) 


19) 


20) 


Brown (1950b): Modified Stockwell's geology of the Fort Reliance 


area. 


Brown (1950c): Modified Stockwell's geology of the Christie Bay 
area. 


Wright (1951): Further modified the geology of the Christie Bay map 
ATCA. 


Wright (1952): Further modified the geology of the Reliance map 
area. 


Barnes (1951): Mapped Snowdrift area at 1 inch to the mile. 
Barnes (1952): Mapped McLean Bay area at 1 inch to the mile. 


Stockwell et al. (1968): Compiled final maps of the Christie Bay 
and Fort Reliance areas at 1 inch to 4 miles. 


Hoffman (1968): Detailed stratigraphic analysis and reclassifica- 
tion of the Great Slave Supergroup. 


Hoffman (1969): Sedimentological analysis and paleogeographic re~ 
construction of the Great Slave Supergroup and Et-then Group. 


Reinhardt (1969»): Map modifications and general structure in the 
Wilson Island ~— Petitot Isiands area at 1 inch to 4 miles. 


Hoffman et al. (1970): Made stratigraphic and paleogeographic cor- 
relations among the Great Slave Supergroup/Et-then Group and other 
areas of Proterozoic sediments around the Slave Province. 


Reinhardt (1972): General description of exotic breccia occurrences 
in the area of Simpson Islands and Wilson Island. 


Hoffman (1973): Synthesis of the early Proterozoic stratigraphic 
and tectonitic evolution of the East Arm area and the western margin 


of the Slave craton. 


Morton (1974): Reported on sandstone type uranium deposits in the 


- East Arm, 


Geological Setting 


The East Arm of Great Slave Lake is underlain by a Hudsonian fold 


belt developed in Aphebian sedimentary and volcanic rocks which were de- 


posited on Archean igneous and metamorphic basement. The relationship of 


the Fast Arm fold belt to the northwestern Canadian Shield is shown in map 


3. 


This fold belt is classified as a sub-province of the Churchill struc- 
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tural province by virtue of the predominantly Aphebian rocks outcropping 
in the East Arm (Stockwell, 1964). The basement rocks are, however, 
definitely Archean and outcrop in several areas, especially in the wes- 
tern end of the East Arm. Although the regional folding of the East Arm 
involved the Proterozoic sediments the basement was not involved to any 
appreciable extent. Several K/Ar age determinations on the erystalline 
basement rocks neve produced ages ranging from 2370 my. to 2575 my. 
(G.S.C. isotopic ages 60-51, 60-50, 61-69, 61-76, 61-77, 63-81, and 
Burwash and Baadsgaard, 1962). Locally some updating of K/Ar ages may 
have occurred in cataclastically deformed basement rocks along major 
faults (Reinhardt, 19692). In view of the Archean age of the crystalline 
basement rocks, one might more aptly consider the boundary between the 
Slave and Churchill structural provinces in the East Arm as the unconfor-~ 
mity between the Archean basement rocks and the Proterozoic cover rocks. 
The Proterozoic sediments of the East Arm are developed on, and marginal 
to, the Slave craton. 

The East Arm itself is a structural depression in which Proterozoic 
sediments accumulated and survived. On a regional scale, the Proterozoic 
sediments dip homoclinally south, away from the Slave nucieus, in the 
north, but are complicated by folding and extensive faulting in the south 
Side of the East Arm. The folds and major faults trend about N60 E, 
parallel to the East Arm trough and large vertical, as well as transcur- 
rent movements on the southern bounding fault system, the McDonald fault 
system, have down-dropped and thus preserved the Proterozoic sediments of 
the East Arm. ree Solera trough is gently upturned at both ends. 

Four major episodes of early Proterozoic sedimentation separated by 


unconformities have been recognized in the East Arm as shown in table 1. 
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Stratigraphic Unit Thickness Age 
Et~then Group 13,000 Ttplus Latest Aphebian or 
Paleohe likian 
C®§VL LLL LD rm enn oo 


Great Slave Supergroup ZOZOOO FEF plus Aphebian 

QoQ OOO Oe eee 

Union Island Group 3,000 ft. plus Lower Aphebian 
SL —Orawwrnrr OO OOOO NOesSe ere” 

Wilson Island Group 15,000 Dis pilus Lower Aphebian 
BN oa Newet oo eo Noo TN NO Nae NIN, 

Granitic and High Grade Archean 


Metamorpniec Complex 


Table 1: Major Stratigraphic units separated by unconformities in the 
East Arm. Data from Stockwell (1933), Reinhardt (1969b) and Hoffman 
(1968, 1969, 1970). 

Table 2 presents brief lithologic descriptions of all formations while 
figure 1 presents s diagrammatic stratigraphic cross-section of all groups 
except the Wilson Island Group which was recently reclassified from Archean 
(Stockwell, 1933) to Aphebian (Reinhardt, 1969b). The unconformities se- 
parating each of the four major episodes of sedimentation represent funda- 
mental changes in the environment of sedimentation as weil as significant 
erosional intervals. The Wilson Island Group is the only sedimentary unit 
which shows evidence of extensive regional metamorphism and accordingly 

is much more highly deformed than later sediments. There may have been 
another period of moderate deformation after deposition of the Union Is- 
lend Group as is evidenced by its more pervasive and closer style of fold- 
ing compared to the overlying lower formations of the Great Slave Super- 
Eecrtio: A ses; difference in style of deformation may, however, be due to 
contrasting competency resulting from lithologic dissimilarity. The 
Wilson Island Group has no known analog elsewhere around the Slave craton. 
Little can be inferred about its geologic history, except that it repre- 


sents a long period of Lower Aphebian sedimentation and volcanism which 
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Fic. |: Stratigraphic cross-section of Proterozoic formations from the northeast to the southwest end of the East 
Arm Fold Belt. From Hoffman (1969). , 
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pre-dated deposition of the Union Island Group and Great Slave Super- 
group. 

Hoffman (1968, 1969, 1970, 1973) and Hoffman, Fraser and MeGlynn 
(1970) have commented extensively upon the sedimentological and paleo- 
geographic development of the Great Slave Supergroup and Et~then Group. 
The prevailing theory, as principally formulated by Hoffman, portrays 
the Union Island Group and the Great Slave Supergroup as an integral 
part of a classic orthogeosynclinal sequence which was deposited from 
about 2000 to 1750 m.y. ago and which includes the Aphebian strata of 
the Epworth, Goulburn and Snare Groups which also lie on and marginal 
to the Slave craton. Individual stratigraphic units within all these 
groups of sediments have been correlated on the basis of lithostrati- 
graphic Similarity. This geosyncline which has been termed the Coronation 
geosyncline, extended across the present western margin of the Slave 
province in an arcuate northerly trend which was convex to the west. 
The orogenic belt of the geosyncline is presently represented in the 
Bear province while farther south it is thought to lie just west of 
the Kast Arm. The Union Island Group, Great Slave Supergroup and Et- 
then Group were deposited in the actively subsiding Bast Arm structural 
trough which Hoffman (1973) has termed the Athapuscow aulacogen. This 
sedimentary trough, controlled by the east northeast striking McDonald 
fault system, opened at its west end into the Coronation geosyncline 
and was oriented normal to the geosynclinal axis (figure 2). 

Deposition of the unusually thick trough filling began with the 
pre-quartzite phase Union Island Group composed of non-stromatolitic 
dolomite, mudstone, siltstone and submarine basalts. The succeeding 


Great Slave Supergroup is predominantly miogeosynclinal in character. 
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Figure 2: Tectonic elements of the Slave Area during development 
of the Coronation Geosyncline (2200-1750 million years ago) 
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Its deposition began with a quartzite phase, the Hornby Channel Formation, 
comprising fluvial, conglomeratic subarkose shed from the stable platform 
and transported down the axis of the East Arm trough towards the southwest. 
The thesis area is principally underlain by this formation. As described 
by Hoffman (1973) the quartzite phase was followed by successive deposition 
of a dolomite phase, pre-flysch phase, flysch phase, calc-flysch phase and 
molasse phase. The Great Slave Supergroup was then intruded by an exten~ 
Sive belt of tonalite and granodiorite laccoliths and stocks and folded 
approximately 1800 m.y. ago by compression normal to the East Arm axis. 
Erosion and deposition of a fanglomerate sates shed from active McDonald 
system faults concluded sedimentation in the East Arm. Helikian diabase 
dykes of the Mackenzie swarm and earlier extensive diabase sills cut all 
sediments and structures in the East Arm. 

Hoffman (1973) has developed a model of the tectonic evolution of the 
East Arm structural trough, referred to as the Athapuscow aulacogen, which 
traces its history through three major stages. He envisions an initial 
rifting stage which involved crustal doming and development of a graben 
due to crustal extension. The pre-quartzite phase Union Island Group and 
quartzite phase Hernby Channel Formation were deposited in this graben. 
The subarkosic, conglomeratic sandstones of the Hornby Channel Formation 
were shed into this graben from the adjacent uplifted Archean basement. 
Crustal thinning occurred beneath the developing rift but the process was 
aborted before actual crustal separation. The second stage of the evolu- 
tion of the aulacogen involved crustal sagging and foundering of the gra- 
ben due to a shift from mantle upwelling to mantle contraction (figure 3). 
During this stage the subsiding trough was filled with sediments and vol- 


canics from the pre-flysch phase through the molasse phase. Flysch and 
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molasse sediments were shed into the aulacogen from the rising orogenic 
belt of the Coronation geosyncline west of the East Arm. Evolution of 
the aulacogen concluded with a transcurrent stage during which fanglome- 
rate phase sediments were deposited along the braided network of faults 
comprising the McDonald fault system. Hoffman (1973) concluded that 
transcurrent movements on the fault system produced "a complex pattern 
of uplifted and downdropped blocks" which provided the relief necessary 
for derivation of te fanglomerates. 

Hoffman's stratigraphic analysis and Coronation geosyncline model, 
so painstakingly documented and elegantly proposed, seems beyond serious 
challenge at this time. His model for the tectonic evolution of the 
Athapuscow aulacogen, however, does seem somewhat more tenuous. Evidence 
will be discussed later to support a 2200 m.y. age for the beginning of 
the quartzite phase (Hornby Channel Formation) rather than the 2000 MeV 
age suggested by Hoffman (1973). Apart from this detail alternatives to 


the Athapuscow aulacogen model are discussed in chapter II. 


"i Sagging with alkalic basalt “  ° From Hoffman (1973). 
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Ficure 3. Model for the transition from incipient rifting to crustal sagging in 
aulacozens in response to abandonment of a zone of mantle upwelling. 
S|) 


(thaaete sited] veh oar a ag, aed sal nee aula bv 
acpi) ears age es, SO i Leetaryeuey agen 


aaah te(iaee VALS Se eh aah, Sr ei RRR a By oF ‘ eouinhianl _ 
= = ut 


s = “ 
Pe ,, ea ees 
na 94) ule’ Plntr ei. he > be of 4) aed ae ea  aaeG e Fong 
ET Lhe hee STE ahh ge Wy meatier taes > 
» he - 
- t 4 
i x n 
2 
7 
z 
> * 
‘ 
me ¢ 
a ad eo a 
rs 


39 4 « 
ae iw A! td * 
roo wl *@ @ ~ 


* = 

Ma USA) “ee ert fi 
> ie ~ 8 
ae 
A 

. ~~ 
- 
- 
' 


Rn 
Wiread sn i a mn 


18 


Mapping Techniques 

Field mapping was done on a variety of scales due to variable geo- 
logic complexity and economic potential. 
Geologic Mapping: The entire thesis area was mapped on’a scale of one 
inch to 1000 feet based on an uncontrolled air photo mosaic enlargement. 
nome of the data presented on geologic maps constructed on this scale 
was derived from the work of senior field assistants. Mapping done on 
@ scale of one inch to 200 feet utilized cut base and picket iines for 
control. The picket line spacing varied from 100 to 400 feet as shown 
on the maps. The two base lines were alidade surveyed, as were selected 
picket lines. All picket line spacings were chained at the distal ends 
of the picket lines. Detailed mapping done at one inch to 40 feet was 
based on alidade survey control as shown on the maps. 
Data was recorded during radiometric mapping from 


Radiometric Ma ing: 


@ single, SRAT-SPP2-NF total count scintillometer Cutiliging e 151.5 inch 
thallium doped sodium iodide scintillator) held at waist level above the 
outcrop surface. Radiometric contour maps of the areas covered by both 
base lines were constructed on a scale of one inch to 200 feet by plot~ 
ting representative radiation levels as closely as was necessary to ade- 
quately define the local variations. Isorads around anomalies were 
traced and plotted directly in the field. Aithough this method is some- 
what subjective, it was found that the results adequately defined the 
variations in radiation on the scale used. The detailed radiometric map 
of Zone 5 (1 inch = 40 feet) was constructed from data taken on a rigid 
square grid pattern with measurements every 10 feet where radiation was 
within the normal background range. Where radiation levels exceeded back- 


ground (100 cps), measurements were based on a 5-foot square grid. This 
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method produced a highly reliable and objective, detailed map. The 
radiometric detail obtained on Zone 5 provided information that could be 
applied to other radiometrically anomalous zones and the other zones were 
not surveyed in such detail. Radiometric contour maps of the other ano- 
malous zones were constructed by close-spaced traverses utilizing alidade 
control with measurements taken every five to ten feet along the inter- 


secting traverse lines. All contouring was done by hand. 
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CHAPTER II 


STRUCTURAL GEOLOGY 


Introduction 

The geological development of the East Arm sub-province was domi- 
nated by the evolution of the long-lived McDonald fault system. It is 
for this reason that a general overview of this major crustal structure 
is essential to the understanding of many features within the thesis 
area. In addition, information derived from study of the thesis area 
adds to the understanding of the evolution of the McDonald fault system 
and its influence upon Aphebian sedimentation. Reinhardt (1969a, 1969b) 
was the only author who dealt systematically with the McDonald fault sys- 
tem and map 5 presents his interpretation of the fault pattern existent 
in the Bast Arm. The McDonald eam Meys tem has been traced magnetically 
under the Paleozoic cover rocks southwest of the East Arm to the Rocky 
Mountain foothills (Haines et al., 1971) while geological mapping has 
traced its northeast extension as far as the Dubawnt Group (Donaldson, 


1967); a total distance of about 800 miles. 


Morphology of the McDonald Fault System in the East Arm 

The observed fault pattern is one typical of many transcurrent sys- 
tems. It is composed of parallel and sub-parallel master faults with 
numerous arcuate splays which commonly recurve back towards the major 
faults as well as sigmoidal faults which connect parallel master faults 
and which likely served to transfer transcurrent movement from one main 
fault to the next. Northeast of McDonald Lake the system is character- 
ized by two parallel master faults (the southeast one being the McDonald 


fault proper) spaced about four to six miles apart, accompanied by the 
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usual splays and interconnecting faults. This basic morphology is 
commonly observed along transcurrent faults of widely differing scale 
and is & typical pattern produced microscopically and mesoscopically in 
Riedel shear experiments conducted in the laboratory. 

The area immediately southwest of McDonald Lake appears to be a 
focal point where the McDonald fault proper gives way to four major 
splays that diverge in a southwesterly direction. About six miles north 
of McDonald Lake the northwesterly of the two master faults described 
above also begins to diverge, as the Murky fault, to a more westerly 
strike than the McDonald fault, and is probably continuous with the fault 
transecting Blanchet Island or underlying Hearne Channel. Such splaying 
is common at the ends of major transcurrent faults; however, it is known 
that the McDonald system does not terminate in this region but extends 
well to the southwest under Paleozoic cover, It is significant that the 
McDonald fault proper does terminate in the McDonald Lake region and it 
appears that the southwest extension of the system is in fact an exten- 
Sion of the La Loche River fault. The most southerly of the four splays 
southwest of the McDonald fault (between MeDonald Lake and the mouth of 
the La Loche River)provides a link between the McDonald and La Loche 


River faults along which major movement was likely transferred. 


McDonald Fault System in the Simpson Islands Area 
The pattern of major faults in the Simpson Islands area is presented 
in map 6. The area is transected by three of the major fault splays which 
diverge southwest from the McDonald fault. These major splays are them— 
selves systems of related faults which have been named for the purpose of 
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i) Wilson Island fault system ~ composed of the Wilson Island 
fault and related faults. 

ii) Simpson Islands fault system ~ composed of the Simpson Islands 
fault, the Channel fault and related splays. 

iii) Preble fault system - composed of the Preble fault and related 
splays. 

The fault patterns of these three equally spaced subsystems of the 
McDonald fault system are analogous to the pattern characteristic of the 
McDonald system on a regional scale. One notable feature is the tendency 
for splays, sometimes symmetrical, to curve away from a linear master 
fault where the latter undergoes a slight inflection. Reinhardt (1969a) 
has suggested the possibility that considerable dextral shear, in the 
order of 40 miles, may have been accommodated by the Wilson Island fault; 
however, I can see no reliable evidence to indicate the scale of trans-- 
current movement on any of the three major splays. Apparent normal dis- 
placements on the three subsystems are as follows: 

i) Wilson Island system -—- northwest side down 
ii) Simpson Islands system ~ northwest side up 

iii) Preble system — northwest side up 

The major faults in the Simpsons Islands area are vertical to very 
steeply dipping and are marked by prominent fault line scarps and juxta- 
posed contrasting lithologies. Broad ridges transected by narrow axial 
depressions are common where normally recessive sediments (e.g. Hornby 


Channel Formation) are cut by major faults. 


History of Faulting 
The characteristic braided fault pattern and regional extensiveness 


of the McDonald fault system suggests that this system was initiated as 
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a fundamental transcurrent fault zone which penetrated the crust. Re- 
gionally extensive, penetrative cataclasis along faults of the McDonald 
system in crystalline basement rocks of both the Slave and Churchill 
provinces (Reinhardt, 1969a, 1969b) is consistent with large-scale trans- 
current movement. Mylonite belts up to 5 miles wide occur between the 
-McDonald fault scarp and Nonacho Lake. Gently dipping mylonite linea- 
tions mapped in the La Loche River area (Reinhardt, 1969a) further con- 
firm transcurrent movement. Offsets mapped in the same area indicate a 
dextral sense of shear. 

Where McDonald system faults transect Union Island Group, Great Slave 
Supergroup and Et-then Group rocks the fault planes are generally charac- 
terized by narrow, linear, weil-defined breaks usually marked by fault 
breccia, quartz or carbonate veins and very narrow mylonite seams. This 
style of deformation is in marked contrast to the penetrative cataclasis 
which affected crystalline basement rocks of the Slave and Churchill 
provinces. Reinhardt (1.9690) noted that penetrative deformation also 
affected the Wilson Island Group but to a lesser degree than the crys- 
talline basement. This contrast in style of deformation may be attributed 
to two causes. Firstly, the contrast may be due to extensive transcurrent 
movement having been largely antecedent to deposition of much of the Pro- 
-terozoic sediments. Secondly, deformation along faults in the crystalline 
basement rocks likely occurred at greater depths of burial than deforma 
tion along faults in the Proterozoic sedimentary rocks. Evidence support-— 
ing this contention has been documented in the area south of the East Arm 
by Reinhardt (1969a) who wrote: "Where different depth levels have been 
brought into coincidence through Pree components of fault movements 


(south side up) the deeper level or south sides show the more intense 
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mylonitization., For instance, the fault that occurs a few miles south of 
McDonald Lake and strikes parallel to the McDonald fault separates vir- 
tually umsheared granite and low-grade schist from highly mylonitized mig- 
matite, granitic rock and higher grade gneiss to the south. One tentative 
explanation for this is that the higher level expression of transcurrent 
shear was confined to definite fault planes spaced at regular intervals 
whereas at greater depth, movement was translated by a myriad of closely~ 
spaced, sub-parallel planes of shear." Greater depths of shearing of the 
erystalline basement in the East Arm implies considerable erosion after 
transcurrent movement and before deposition of the Great Slave Supergroup. 


Less intense penetrative deformation of the Wilson Island Group implies 


less extensive transcurrent shearing and/or an intermediate depth of shear- 


ing consistent with its greenschist facies metamorphism. 

Within the thesis area mylonites were mapped in Hornby Channel Forma- 
tion rocks along the Preble fault on Ped Peninsula on the north side of 
Preble Island. Here a deformed belt several hundred feet wide is charac- 
terized by cataclasite lenses up to a few hundred feet by fifty feet and 
numerous mylonite bands up to several feet across. Quartz veins with 
associated mylonite oceur in the Hornby Channel Formation in widths up 
to 100 feet along the Simpson Islands fault and Channel fault. These oc- 
-eurrences seem to confirm the existence of continued transcurrent shearing 
after the beginning of Great Slave Supergroup sedimentation. Within the 
Hornby Channel Formation, rapid lateral facies variations, lithologies 
atypical of the formation and soft sediment deformation features along 
the Channel, Simpson Islands and Preble faults indicate transcurrent move- 
ment locally affected sedimentation. These features will be discussed in 


chapter IV. 
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A major albite syenite dyke in the thesis area appears to have in- 
truded faults of the Simpson Islands system. This indicates that fault 
movement began prior to approximately 2200 m.y. ago. Dextral offset of 
the dyke by one of its controlling faults indicates that transcurrent 
movement recurred after dyke emplacement. The age and structural rela- 
tionships of this dyke are discussed in subsequent chapters. 

In the la Loche River area, K-Ar dating of micas recrystallized in 
mylonites during the waning stages of shear indicate that mylonitization 
effectively ceased by 1735 m.y. ago (Reinhardt, 1969a). Thus it appears 
that the transcurrent McDonald fault system was active throughout most, 
and perhaps all, of Aphebian time. 

The McDonald fault system lies on the boundary between the Slave and 
Churchill structural provinces. The Churchill province is composed mainly 
of Archean rocks updated by Hudscnian plutonism and cataclastic and retro- 
gressive metamorphism. Immediately south of the East Arm the principal 
agency of updating has been cataclasis accompanied by retrogressive meta- 
morphism along the McDonald fault system (Reinhardt, 1969a). Ho fiman 
(1973) stated, "the granitic rocks south of the Great Slave basin... are 
believed to have been intruded in the Archean". 

It appears that the boundary between the two provinces is not clearly 
defined by a single fault of the McDonald system. Available K-Ar dates 
along the fault zone (map 4) combined with Reinhardt's (1969a) observation 
of deeper erosional levels on the south sides of major faults suggest that 
the boundary between the two provinces is a broad zone coincident with the 
McDonald fault system across which fault slices generally step up to deeper 
erosional levels from north to south. The updated Hudsonian ages of 


Churchill province rocks appear the have been brought to the present 
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erosional surface by major uplift of the Churchill Province relative to 
the Slave Province across the McDonald fault system. Thus the last stage 
in the evolution of the McDonald fault system involved major vertical 
displacements on the pre~existent transcurrent faults. It is not possible 
to evaluate whether transcurrent displacement continued during the uplift 
of the Churchill Province at the end of the Hudsonian orogeny but the 
evidence does seem inconsistent with Hoffman's (1973) conclusion that the 
last stage of movement on the McDonald fault system, during deposition of 
the Paleohelikian Et-then Group, was essentially transcurrent, 

Barnes (1951) and Hoffman (1968, 1969) concluded that the East Arm 
had at one time developed as a graben along its entire length. More re- 
cently Hoffman (1973), in developing his model of the Athapuscow aulacogen, 
concluded that rifting and graben formation had been the initial stage in 
the development of the aulacogen. However, I find evidence of a signifi- 
cant graben lacking northeast of McDonald Lake. Instead it appears that 
movements on the two parallel master faults of the system in the area pro- 
duced "stepping up" to the south with most of the vertical movement accon-— 
modated on the McDonald fault proper. The four mile spacing of the two 
major faults is inconsistent with a graben, while no evidence of a third 
major fault to the northwest is known. Figure 4 presents the proposed 
crustal structure across the East Arm northeast of McDonald Lake. 

A graben does appear to be superimposed on the major splays of the 
McDonald system southwest of McDonald Lake. This graben appears to exist 
between a fault underlying Hearne Channel and the major splay connecting 
the La Loche River and McDonald faults. The two fault blocks between the 
Wilson Island and Preble faults represent a central horsted block relative 


to the enclosing graben. The exposed graben is wedge-shaped and about 30 
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miles across in the middle. It thus attains proportions similar to other 
major grabens. A seismic crustal study performed in 1966 (Barr, 1971) 
defined a section across this graben at right angles to the McDonald fault 
on a line through the most westerly islands in the East Arm. Barr con- 
cluded that the crust of both the Slave Province north of the East Arm and 
Churchill Province south of the East Arm is similar in thickness; approxi- 
mately 34 km. The crust under the extreme southwest end of the East Arm 
is, however, about 4 to 5 km thicker and indicates the presenee of a graben 
like structure on the Mohorovicic Discontinuity. Figure 5 presents the 


crustal profile determined by Barr. 
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Fig.. 5. Crustal profiles through Yellowknife 
at an azimuth of i30°. The lower profile is 
derived from the time-term surface (Figure 8), 
and the two upper profiles are successive approxi- 
mations (see text). The upper profile is the pre- 
ferred solution for crustal thickness. From Barr (1971). 


Barr concluded that due to the thicker crust under the western East 
Arm, “we would expect a negative gravity anomaly of about -50 mgal., 


whereas in fact the Fast Arm is characterized by a positive gravity 
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anomaly. This suggests that the lower part of the crust under the East 
Arm is considerably more dense than elsewhere. Hence the thickness of 
the crust under the East Arm may be considerably greater than the minimum 
value quoted" (37.9 + 0.7 km). A geologic section across the East Arm in 
the Simpson Islands area is presented in figure 6. 

Hoffman (1973) concluded "during the pre-quartzite through dolomite 
phases of deposition, the aulacogen resembled a graben produced by crustal 
extension or incipient rifting. The lips of the aulacogen stood high and 
shed sediment into the trough". However, neither the dolomite-mudstone- 
submarine basalt sequence of the pre-quartzite phase Union Island Group, 
nor the dolomite phase Duhamel Formation seem to reflect significant shed- 
ding of clastics into the East Arm. The unconformity after deposition, 
and possibly after folding of the Union Island Group is also inconsistent. 
The quartzite phase Hormby Channel Formation does represent a thick accu- 
mulation of coarse clastics in the East Arm but the character of this for-~ 
mation does not suggest that it was shed from the margins of an enclosing 
graben. The lateral facies variations from southwest to northeast from 
coarser and massive crossbedded to finer and thinly bedded with shaley 
partings combined with the uniform southwesterly directed current indica- 
tors (Hoffman, 1969) suggest that the Hornby Channel Formation advanced 
diachronously up the East Arm from southwest to northeast and that pro- 
venance was always to the northeast of the advancing clastic wedge. These 
features of the Hornby Channel Formation are discussed in more detail in 
chapter IV. 

It may be that the graben present in the southwest one~third of the 
Fast Arm developed at the time the carbonate shelf of the Coronation geo~ 


synecline foundered and thus gave flysch sediments shed from the orogenic 
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belt access to the East Arm trough, It would not be unlikely for numerous 
diatremes present on major faults in the southwest end of the East Arm to 
have formed at the time of graben formation. These diatremes, which defi- 
nitely postdate the Hornby Channel Formation and probably the Klugiai For~ 
mation, are discussed in chapter V. 

Following the Hudsonian orogeny and uplift of the Churchill Province, 
the McDonald system faults and folds in the East Arm were transected by 
large diabase sills which are locally discordant. The sills are cut by 
north-northwest striking diabase dykes of the MacKenzie swarm which have 
ae dated at 1315 m.y. (Fahrig and Wanless, 1963). Only minor post- 
diabase adjustment occurred si the McDonald fault system and this is 
thought to have been due to normal movement which was post—Devonian, 
probably Lower Cretaceous, as is evidenced by deformation in Paleozoic 


cover rocks on fault extensions to the southwest of the East Arm (Douglas, 


1959). 


A younger set of north-northwest to northwest striking faults is 
present in the East Arm but is better developed to the north and south, 
(Reinhardt, 1969a). These faults are steeply dipping, show small sinis- 
tral offsets up to several hundred feet in the East Arm and are occasionally 
occupied by diabase dykes (MacKenzie swarm) or quartz veins (Reinhardt, 


1969a, 1969»). 


Regional Folding 
The Wilson Island Group is the most intensely folded unit of all the 
Proterozoic strata in the East Arm and this group alone has been affected 
by readily recognizable, low-grade, regional metamorphism (Reinhardt, 
1969b). K-~Ar dating of two metamorphic micas (GSC dates 67-74 and 67-75) 
from this group produced ages of 1785 and 1825 m.y. These dates were 


interpreted by Reinhardt (in Wanless et al., 1970) as indicative of the 
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time of metamorphism of the Wilson Island Group. This would suggest that 
folding was not temporally associated with metamorphism as Great Slave 
Supergroup rocks unconformably overlie snd are much less deformed than 
the Wilson Island Group, I consider the dates unreliable as they were 
done on core samples from the site of an abandoned gold—-tungsten mine and 
may well have been updated during a high temperature hydrothermal event 
or simply as a result of a younger, low-grade metamorphic environment im- 
posed by considerable thicknesses of overlying Proterozoic sediments. It 
is more probable that folding and metamorphism of the Wilson Island Group 
was the result of an early Aphebian structural and thermal event which 
preceded deposition of the ae Island Group and Great Slave Supergroup. 

The Union Island Group has been suggested by Hoffman (1968) to para- 
conformably underlie the Great Slave Supergroup. However, the evidence is _ 
equivocal and a closer style of folding present in the Union Island Group 
may be due to either a second, milder pre-Great Slave Supergroup structural 
event or to differences in competency between the Hornby Channel Formation 
and the Union Island Group. 

An extensive episode of regional folding occurred following deposi- 
tion of the Great Slave Supergroup. This folding is largely absent along 
the north side of the East Arm and becomes progressively more intense to- 
wards the MeDonald fault bounding the southeast side of the East Arm. The 
principal axial trend of the folds is east-northeast parallel to the 
McDonald fault system. Outerop patterns northeast of McDonald Lake (GSC 
maps 1122A and 11234) suggest a second geometric fold axis orientation 
trending northwest resulting in double plunge on many of the northeast— 
trending fold axes. Style of deformation within the Great Slave Super- 


group varied, dependent in part upon variable competency of the contrast- 
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ing sedimentary lithologies. In general, the major folds are rather open 
and upright except adjacent major faults. 

A final episode of folding affected the Et-then Group and predated 
intrusion of MacKenzie swarm diabase dykes. Bedding in the Et-then Group 
generally dips gently except in proximity to major faults. 

Hoffman (1973) has suggested that folding of the Great Slave Super- 
group resulted from a sagging stage in the development of the Athapuscow 
aulacogen. It seems just as plausible that folding was the result of com~ 
pression between the Slave and Churchill cratons during the Hud sonian oro~ 


geny and uplift of the Churchill province. 


Fault-Induced Folding 

Strata of the Great Slave Supergroup and Et-then Group are commonly 
much more tightly folded, even overturned, adjacent major faults of the 
McDonald system than away from such faults. Complex geometry of such 
fault-proximate folds has been noted in the Simpson Islands area and has 
also been mentioned by Reinhardt, (1969b). Within the thesis area the 
very steep dips and tight folding locally cbhserved within the Hornby 
Channel Formation adjacent the Channel and Simpson Islands faults is 
atypical of this extremely competent and thick wnit of sandstone. ‘This, 
combined with a lack of features usually associated with tight folding of 
such rocks, such as flattened pebbles or extensive fold-related joint 
patterns, suggests that this localized deformation occurred penecontemp- 
oraneously with sedimentation. This is further substantiated by soft 
Sediment deformation features and local rapid facies variation as will 
be discussed in chapter 1V. On a regional scale, it appears that folding 
generated by fault movement was superimposed upon regional fold patterns 


throughout the south side of the East Arm. 
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Sub-Et~then Unconformity 

The nature of the sub-Et-then unconformity in the Simpson Islands 
area 1s of importance in answering the following three questions: 

1) What is the scale of normal movement on the McDonald system 
faults in the Simpson Islands area and can the crustal thickening under 
this part of the Hast Arm be accounted for by such offsetting? 

2) What was the total thickness of the sediments that once overlay 
the Hornby Channel Formation in the thesis area and can this be related 
to burial metamorphism? 

3) Was the Hornby Channel Formation in the thesis area exposed to 
near-surface weathering and See eites processes immediately prior to 
deposition of the Et-then Group? This questin is of relevance to the 
discussion of the genesis of uranium mineralization in chapter VI. 

The stratigraphic thickness of the Great Slave Supergroup deposited 
in the Simpson Islands area was about 30,000+ feet as estimated by Hoff- 
man (1968). In addition to this the Et-then Group was estimated to total 
about 10,000+ feet. The Preble fault brings the uppermost formation of 
the Et-then Group in contact with the Hornby Channel Formation on Preble 
Island. Thus, if the total Great Slave Supergroup section is preserved 
beneath the Et-then Group a stratigraphic throw of some 40,000 feet on 
the Preble fault is implied! This situation is considered unlikely as 
Stockwell's (1936) mapping seems to suggest that the Et-then Group over- 
lies Wilson Island Group and Union Island Group strata on Union Island 
and Sosan Group strata immediately southeast of Preble Island. Reinhardt's 
(1969b) mapping indicates that the Et-then Group overlies the Wilson Is- 
land Group and the Sosan Group on Wilson Island. It appears likely that 


the Hornby Channel Formation was exposed in the Simpson Islands area by 
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erosion prior to deposition of the Et-then Group. This observation per- 
mits the following conclusions: 

1) The normal movement on the Preble fault was in the order of per- 
haps 10,000 feet and places the scale of offset in the same order as the 
scale of crustal thickening in the area. 

2) The depth of burial of the Hornby Channel Formation in the thesis 
area was about 30,000 feet assuming that no major formations were com- 
pletely removed from the Great Slave Supergroup. 

3) The Hornby Channel Formation was likely exposed to weathering and 
near-surface groundwater processes immediately prior to deposition of the 


Et-then Group. 


Conclusions 

The structural evolution of the East Arm is at best difficult to 
decipher. As a result it is apparent that many comments in this chapter 
are somewhat speculative. I do not wish to refute Hoffman's (1973) model 
of the Athapuscow aulacogen, only to suggest that there may be room for 
modifications or alternatives. 

I feel that the Hast Arm quite likely developed as an extremely long- 
lived, essentially transcurrent fault system, the basic nature of which may 
well be more or less independent of the tectonic processes which gave rise 
to the Coronation geosyncline. There is eae evidence that a graben- 
like structure developed at some stage in the western end of the East Arm 
structural trough but this does not necessarily lead to the conclusion 
that rifting and graben formation were fundamental, let alone initial, 
processes in the development of the whole structural trough. There is 
little doubt that events in the Coronation geosyncline affected sedimenta- 


tion in the East Arm but this does not imply that the East Arm trough 
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would not have existed without the Coronation geosyncline. As defined 
by Salop and Scheinmann (1969), aulacogens are not necessarily spatially 
related to geosynclines. 

It seems possible that the East Arm trough, as controlled by the 
essentially transcurrent McDonald fault system, was active from the 
Kenoran to shortly after the Hudsonian orogeny and that deposition (or 
at least preservation) of the pre-Coronation geosyncline Wilson Island 
Group was controlled by this structure. The last stage in the evolution 
of the McDonald fault system, and hence the East Arm structural trough, 
likely involved movements with a major vertical component which resulted 
from uplift of the Sirona ieeeyinee to the south. This converted the 
transcurrent fault system into a series of fault slices which step up to 


deeper erosional levels from north to south. 
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CHAPTER 111 
GEOLOGY OF THE THESIS AREA 
Introduction 
Map 7 presents a summary of the geology of the thesis area. Out- 
cropping within the area are strata belonging primarily to the Hornoy 
Channel Formation which extends the breadth of the major fault block 
between the Preble and Simpson Islands fault systems. Rocks belonging 
to the Archean basement complex, the Preble Formation, the Wilson Island 
Group (25) and the Union Island Group are found peripheral to the Hormby 


Channel Formation on which economic interest has centered. 


Rocks Underlying the Hornby Channel Formation 

Archean Crystalline Complex 

The Archean rocks unconformably underlying and faulted against the 
Hornby Channel Formation are predominantly granitic and paragneissic rocks 
of the Katazone. The gneissic rocks are for the most part garnet—biotite 
gneiss + sillimanite and cordierite. The gneisses underlying most of the 
exposed basement on South Simpson Island generally contain less than 20% 
mafics whereas mafic-rich, pelitic gneisses and migmatites were observed 
north of the west end of Vestor Channel. Most of North Simpson Island is 
underlain by granitic to granodioritic rocks of plutonic aspect with smaller 
amounts of granite gneiss. In general, the metamorphic foliation dips 
gently to moderately northeast with uncommon small-scale folds. The 
Archean rocks are commonly transected by granitic pegmatites, many of 
which are undoubtedly migmatic in genesis. Ubiquitous post-Kenoran diavase 
dykes transect the Archean complex. 
Wilson Island Group (), 


On the south side of South Simpson Island, in the vicinity of Preble 
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Channel, a thin, wedge shaped fault block is underlain by tightly folded 
quartzite, siltstone, shale, dolomite and volcanics which have been 
tentatively ascribed to the Wilson Island Group. Stockwell, (1946) 

mapped these rocks as well as adjoining Archean granite and gneissic 

rocks as Wilson Island Group but Reinhardt (1G72) remapped the fault wedge 
as brecciated basal Hornby Channel Formation sediments. Although the 
rocks in question may possibly belong to the Union Island Group, it seems 
unlikely that they belong to the Great Slave Supergroup. 

Union Island Group 

North of Ref Peninsula on North Simpson Island is a small area of 

near vertically dipping, Pee meraed red shale and non-stromatolitic dolomite 
which is considered Union Island Group by virtue of lithologic similarities 
and because the sequence unconformably overlies Archean basement. No 
lithologically similar rocks in the Great Supergroup are known to overlie 
the basement unconformity. This outcrop becomes the most westerly 
occurrence of Union Island Group recorded and lies eight miles southwest 

of the closest Union Island Group rocks mapped by Stockwell (1936). 

Hornby Channel Formation sandstone is juxtaposed with these rocks across 


the Simpson Islands fault. 


Structure 
The sandstones of the Hornby Channel Formation which outcrop in the 
thesis area, extend the full width of the fault block between the Simpson 
Islands fault system and the Preble fault. The area is not considered a 
Syncline but rather a wedge of sandstone dipping 10° to 15: to the north- 
east which has suffered fault generated local folding along the bounding 
fault system. Thus bedding strike abruptly swings parallel to the major 


faults along the northwest and southeast sides of the fault block and 
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bedding has commonly been moderately to steeply tilted adjacent the north- 
east striking faults. Away from such major faults the bedding shows only’ 
very gentle undulations and shallow dips. 

The planes of northeast striking faults are characterized by protomylonite, 
mylonite, brecciated mylonite, mylonitic quartz veins and giant quartz 
veins containing clasts of mylonite, sandstone and granitic rocks. The 
faults are linear and commonly splay at points of inflection. 

Northwest striking faults of minor sinstral displacement were only 
rarely observed and are marked by very narrow gouge or breccia seams. 

A diabase dyke cutting Susanne Peninsula occupies a northwest fracture, 
Prominent air photo lineations on Ref Peninsula (map ©) probably reflect 
the presence of diabase dykes (covered dy overburden) which similarily 
intruded north-northwest trending fractures. 

Within the thesis area, three, steeply dipping, diffuse sets of 
joints have been identified transecting the sandstones of the Hornby 
Channel Formation. The most prominent set of joints present in the area 
strikes east-southeast and is consistent with the crientation expected of 
the conjugate shear to the northeast-striking dextral faults. This set 
is best developed near major northeast faults. Northeast to east-northeast 
striking joints parallel the major faults. Both of the above joint sets 
are likely genetically related to the McDonald system faults. A less well 
developed set of north-northwest to northwest striking joints parallels 


the younger and rarer sinstral faults previously described. 


Age of the Hornby Channel Formation 
The Hornby Channel Formation, as part of the Great Slave Supergroup, 
has long been known to be Aphebian in age. The key to precise dating 


of the Formation rests in the age and field relations of a large albite 
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Syenite dyke which lies along a portion of the northerm limit of 

Hornby Channel Formation exposure on North Simpson Island (see map 7). 
This dyke was first included by Stockwell (1936) as one'of the series 

of dioritic bodies which intrude most formations of the Great Slave 
Supergroup (Hoffman, 1968). Subsequent K/Ar dating has shown the series 
Of dioritic intrusions to be about 1800 m.y. old (Hoffman, 1969) whereas 
two K/Ar (biotite) dates on the dyke in question produced ages of 2170 m.y. 
(GSC date 52-93) and 2200 m.y. (Burwash and Baadsgaard, 1962). Although 
Burwash and Baadsgaard (1962) proposed that the dyke postdated the Hornby 
Channel Formation and that deposition of the Great Slave Supergroup took 
place between 2480 m.y. and 2200 mye ago, Reinhardt (1969b) concluded 
that, "nowhere could this dyke be found cutting the Sosan Formation 
(Great Slave Supergroup)". Hoffman, et al. (1970) Suggested a probable 
maximum age of the Hornby Channel Formation of 2000 m.y. based on a time- 
stratigraphic reconstruction, assuming Great Slave Supergroup deposition 
rates to be similar to those in Phanerozoic orthogeosyneclines. This 
reconstruction supported Roscoe's (1969) conclusion that the Great Slave 
Supergroup is younger than the Huronian succession which is knovm to be 
greater than 2150 m.y. 

Detailed mapping along the dyke (map 3) revealed a small outcrop 
northeast of Dyke Lake and adjacent the syenitic dyke, where saadstone of 
the Hornby Channel Formation has been mildly brecciated and intruded by 
albite syenite indistinguishable from that of the dyke waich lies 100 feet 
away across an overburden covered fault. it is this covered fault which 
runs along the contact between the dyke and the Hornby Channel Formation 
that has obscured their field relations for so long. Partial cataclasis 
has been superimposed upon the breccia and has resulted in only partial 


preservation of a coarse grained albite syenite phase between clasts of 
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sandstone. Further evidence for a younger age of the dyke is provided 
by a 2 x 18 inch sandstone xenolith found isolated within the massive syenite 
dyke north of the contact fault. The sandstone of the xenolith appears 
identical to that of the Hornby Channel Formation adjacent the dyke while 
no sedimentary rocks underlie the Hornby Channel Formation in this area. 

This evidence suggests that deposition of the Great Slave Supergroup 
began before about 2185 m.y. ago and reopens the possibility that it may 
be as old as the Huronian succession of Ontario. The writer does, how- 
ever, tend to agree with the sedimentological arguments of Roscoe (1969) 
that indicate the Lower Huronian is probably older. It would seem more 
likely that the Wilson Pd auee es, lacking stromatolitic dolomite and 
red-beds, is time stratigraphically equivalent to the Elliot Lake Group, 
(Lower Huronian) whereas the Great Slave Supergroup shows affinities with 
the Cobalt Group (Upper Huronian). 

The 2185 m.y. minimum age of the Hornby Channel formation is aiso 
Significant in that, assuming the stratigraphic correlations of Hoffman, 
et al. (1970) are correct, it implies a minimum age for the Odjick and 
Western River Formations of the Epworth and Goulburn Groups respectively. 
One problem that does arise is the implied invalidity of the time strati- 
graphic reconstruction of Hoffman, et al (1970) » If sedimentation rates 
during Coronation Geosyncline times were similar to those of Phanerozoic 
geosynelines an internal paraconformity or unconformity is necessary 
within the Great Slave Supergroup to account for about 200 m.y. of geologic 
history. Such a possible unconformity has been proposed by Hoffman (1968) 
above the Duhamel Formation, however, no such unconformity has been recognized 
in either the Epworth or Goulburn Groups. Rb/Sr dating of the dyke would 
lend authority to the minimum age of the Hornby Channel Formation. 


A maximum age for the deposition of the Hornby Channel Formation 
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must be substantially less than the end of the Kenoran Orogeny since 
deposition of the Wilson Island Group (15,000 + feet) and Union Island 
Group (3000 + feet) preceded the Hormby Channel Formation. Abundant 
east-northeast trending diabase dykes cut the basement but do not intrude 
the overlying Hornby Channel Formation. Due to poor exposures of the 
unconformity no such dykes have actually been seen to be directly over~ 
lain by the Hornby Channel Formation however an aeromagnetic anomaly 
associated with such a dyke swarm in the basement west of Paddlefish Bay 
is rapidly attenuated over the sandstone to the east of the unconformity. 
This suggests that some of the east-northeast striking diabase dykes 
predated the Hormby Channel se cen A few east-northeast striking 
diabase dykes transect the large albite syenite dyke which runs along the 
north side of the thesis area. As the albite syenite dyke postdated the 
Hornby Channel formation, it appears likely that east-northeast striking 
diabase dykes were intruded both before and after deposition of the Hornby 
Channel Formation. East-northeast striking diabase dykes have not been 
dated in the East Arm but Fahrig and Wenless (1963) obtained a 2165 m.y. 
age, based on three K/Ar dates, of east-northeast striking diabase dykes 


100 miles northeast of the thesis area. 


Burial Metamorphism 
Great Slave Supergroup sediments have been described as unmetamor- 
phosed (Hoffman, 1968, 1969; Hoffman et al., 1970). Within the thesis 
area the Hornby Channel Formation is almost exclusively sandstone, with 
variable amounts of sericitic matrix, in which the effects of very low- 
grade metamorphism are not readily apparent. However, an unusual unit of 
sandstone, rich in volcanic debris, which outcrops near the northeast end 


of base line 1 (map 10) does indicate that the sediments were subjected 
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to very low-grade metamorphism which is not discernible on the basis of 
examination of the common Great Slave Supergroup sediments. The volcanic 
sandstone contains up to 50% highly altered volcanic debris which appears 
to have been initially glassy. Most of the volcanic material has been 
altered to spherulitic aggregates of chlorite plus sericite, carbonate, 
prehnite, pumpellyite and albite. Like much of the chlorite, the pumpe- 
llyite and prehnite are typically arranged in close~packed spherules sug- 
gesting replacement of original glass or pumice (plate 4f), This mineral 
assemblage is indicative of the pumpellyite-prehnite-quartz facies of 
burial metamorphism and suggests that the sediments were subjected to 
temperatures in the order of 250° to 350°C (Liou, 197s 

As discussed in chapter II, Bie mama and structural evidence 
indicates the Hormmby Channel Formation in the Simpson Islands area was 
covered by at least 30,000 feet of overlying strata prior to the Hudsonian 
Orogeny. A rather normal geothermal gradient of about 30°C /Km would ve 
sufficient to produce a temperature of about 300°C at this depth and hence 
the basal Great Slave Supergroup throughout the western East Arm was likely 
subjected to similar subgreenschist facies metamorphism, Similar prehnite 
rich volcanic sandstone of the Horaby Channel Formation was mapped by the 
writer on islands in Inconnu Channel about thirteen miles west of the base 
line 1 occurrence. The stratigraphic height to which zeolite and pumpellyite~ 
prehnite-quartz facies metamorphism extended would be in part controlled 
by the erosional depth reached by the sub-Et-then Group unconformity and 
in part by the thickness of Et-then and post Et-then sediment (much of 
which has been subsequently eroded). Due to stratigraphic thinning towards 
the northeast (Hoffman, 1968) one would expect a decrease and eventual 
disappearance of regional metamorphic effects towards the northeast end 


of the East Arm. Continued stratigraphic thickening of the Great Slave 
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Supergroup towards the southwest would soon introduce greenschist facies 
metamorphism towards the region supposed by Hoffman et al. (1970) to be 


underlain by the Coronation geosyncline orogenic belt. 


Detailed Geologic Mapping 

General 

The areas encompassed by base lines 1 and 2 (see jisbehjoy Of ame) location) 
were geologically and radiometrically mapped on a scale of 1 inch to 200 
feet (maps 8 threugh int) These maps provide the detailed geological base 
in the area of primary economic interest as they include seven of the ten 
radioactive zones and all important uranium occurrences known on the Simp- 
son Islands property of Vestor Explorations Ltd. They also cover the mest 
geologically complex area within the property as they lie along the Simpson 
Islands fault system and exhibit the effects of local facies variation, 
structural deformation, metasomatism and intrusion by bostcnite stocks and 
diatreme breccia pipes. All lithologic units mapped on the two base lines 
will be described below. Information draws on field data from surface and 
from 9000 feet of diamond drill core examined by the writer as well as the 
study of approximately 150 thin ee eas cue of which were stained for 
both feldspars. 

Selected areas mapped in varying detail will be dealt with individu- 
ally following discussion of the two base line maps. 


Base Line 2 Lithologic Descriptions 


Basement (Slave Structural Province) 

A Granite, granite gneiss and granodiorite gneiss: The granite and 
granite gneiss are pink to white and carry muscovite and biotite. 
The granodiorite gneiss is generally white with up to several per- 


cent biotite. Occasionally garnet and sillimanite are present. 
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ic contact; definite, assumed or gradational 


It; definite, assumed 


bedding with dip vertical, inclined, overturned, horizontal unknown 


ding showing current direction & tops 
‘ints; vertical, inclined 
“shear foliation, vertical inclined 


7 ‘metamorphic foliation; vertical, inclined 
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quartz veins 


pit or trench 


base line showing stations from which picket lines 
originate in both directions and one direction 


minor fold axis; syncline, anticline 


quartz 


dolomite 
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VESTOR CHANNEL 


GREAT SLAVE LAKE 


BASEMENT (Slave Structural Province) 
A Baik granite gneiss & granodiorite gneiss - sillimanite 
grade 


B Paleoregolith 


HORNBY CHANNEL FORMATION (Aphebian) 
| C Silicified, fine orthoquartzite 


sjo Sericitic, subfeldspathic to feldspathic, slightly 
conglomeratic sandstone 


E Silicified, sericitic, conglomeratic sandstone 


APHEBIAN STRATA OF UNCERTAIN STRATIGRAPHIC POSITION 


F Grey to black siltstone with smaller amounts of black and 
red shale, dark brown shale and siltstone, red siltstone, 


very fine to medium grey sandstone, mar] and minor buff 
weathering dolomite interbeds. 


Dolomite 

Dark brown shale 

Pellitoid chert 

J Dark red, micaceous, fine sandstone to siltstone 

K Brown, silicified subfeldspathic, micaceous sandstone 
Ty] L Boulder diamictite 


INTRUSIVE ROCKS 
(1m Red albite syenite 
Red-brown bostonite 
Breccia dykes with albitized conminuted matrix predominant 


BRECCIATED AND ALLOCTHONOUS: LITHOLOGIES 
P Stage | brecciated sandstone 
Stage 2 sandstone breccia 
Stage 3 breccia; extremely variable clasts in siltstone 
matrix 
Dolomitized, albitized, stage 3 breccia with siltstone and 
comminuted matrix 
Dolomitized, banded microbreccia; intrusive 
Brecciated bostonite 
Brecciated and/or sheared siltstone 
Brecciated dolomite 
Brecciated, fine, red, micaceous sandstone 
Qua, tz/mylonite veins 
Sandstone/syenite breccia 


Overburden; till & raised beaches 


MAP 8 


GEOLOGY OF BASE LINE 2. 
Simpson Islands Claims 
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Legend 
Radiometric contours at 75, 100,150, 300 and 500 
Ce counts per second: measured at waist level with SRAT 
SPP-2-NF scintillometer (1-5 x linch NaIT1 scintillator) 


Survey station 


4 Instrument set up 


Base line stations (alidade surveyed) Picket lines 
extending the width of the mapped area originate 
at each such station. 


xA.... Pit or trench 


Note: Zone! could not be contoured on this scale due to 
lithologic and hence radiometric complexities as well 


° m5 as the disruption produced by previous trenching. 
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Pink, granitic, muscovite pegmatites cut all basement rocks except 
occasional northeast-striking diabase dykes, 

Paleoregolith: Strongly altered granitic rock in which all mafics 
(except muscovite ) and much or all feldspar are altered. ‘The pre~ 
dominant alteration product is pale green sericite (plate 4a). In 
extreme cases the sericite forms a matrix for poorly packed quartz 
grains (plate 4b) and hence is transitional into extrenely sericitic 
sandstone although no such gradation is seen in the field. This 
rock type commonly contains blocks (several inches to a few feet 
across) of less altered granitic material similar to those described 
in the sub-Huronian eae paleoregolith (Roscoe, 1969). This 
lithology commonly appears sheared and is friable in surface expo- 
sures due to recent weathering. Contacts with unaltered granitic 
rocks are gradational over several tens of feet on the present ero- 
Sion surface but the total stratigraphic thickness of the unit is 
thought to be no more than a few tens of feet normal to the overly- 


ing unconformity. Where exposed and in drill core the unconformity 


is a sharp contact between paleoregolith and unit C, 


Hornby Channel Formation (Sosan Group) 


C. 


Silicified orthoquartzite: White, reddish, buff, well-sorted, well-— 
rounded, silica-cemented, fine- to medium-grained, greater than 95% 
quartz. This lithology usually appears at the base of the Horaby 
Channel Formation and varies in thickness from O to about 60 feet. 
The irregular thickness of the unit is likely due to the irregular 
basement erosion surface on which it was deposited. With rare ex-~ 


ceptions this lithology is massive and it probably represents aeolian 
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sands or possibly @ mature beach deposit. Occasional lenses of 

this lithology occur in the overlying unit D. Both upper and lower 
contacts are sharp. 
subfelds 


Sericitic 


athic to feldspathic, slightly conglomeratic 


sandstone: Light) brown to buff, locally reddish due to hematite 


staining, pale green when fresh. Well sorted, locally poorly sorted, 
subrounded to rounded. Generally less than 5% granules and pebbles 
which are quartz, metaquartizite, sandstone, siltstone and chert or 
mylonite with granitic and altered granitic pebbles common towards 
the base of the unit. Grain size is medium to coarse and feldspar 
comprises 10 to 30%. seme is by contact silica cement and 
porosity occluding, recrystallized, pale green sericite cement. 
Sericite constitutes 10 to 25% of the rock and is responsible for the 
buff to brown color on weathered surfaces. The sericite imparts 4 
light green color to fresh surfaces. This rock is generally very 
massive and hematite laminations and cross bedding are extremely 
rare. This unit reaches 700 to 800 feet thick. Drill core has shown 
this unit to contain occasional green mudstone (recrystallized 
sericite) Lenses and chips that appear tectonically squeezed. 
Occasional ferruginous and micaceous (detrital muscovite) siltstone 
lenses up to a couple of tens of feet thick were intersected in 
drill core but are not exposed on surface. The upper contact (with 
unit E) is ill-defined and gradational over several tens of feet. 


nilicified, sericitic, conglomeratic sandstone: This lithology is 


quite variable over short distances both along and across strike. 


In general it is white to buff, locally reddish due to matrix 
hematite staining and occasionally pink due to hematite staining of 


feldspars only. itis medium to very coarse with up to 50% granules 
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and pebbles while sorting is generally only fair but quite variable, 
Usually gravel comprises a few to 20% of the rock with granules pre- 
dominant. The gravel fraction is Oligomictic, composed of quartz 
and metaquartzite with rare chert (recrystallized Siliceous mylo- 
nite ey, clasts, Detrital feldspar content ranges from a few to 30%. 
Cementing is by silica contact and overgrowth cement and interstitial 
recrystallized sericite which imparts a pale green color to the rock 
when fresh. This lithology is more Strongly cemented and whiter than 
unit D which is likely due to less sericite (in the order of several 
percent less) and more silica cement. Abraded, inherited quartz 
overgrowths are aaa cule present on larger quartz grains. Hema- 
tite sand and grain sige laminations are ubiquitous and often define 
extensive festoon cross-beds (plate la). Such cross-bedding often 
gives biased strike and dip measurements, a problem compounded by 

an almost complete lack of bedding planes. Internal scour surfaces 
are prevalent in this unit. No upper contact is seen and this is the 
highest established stratigraphic level of the Hornby Channel Forma-— 


tion mapped on base line 2. 


Aphebian Strata of Uncertain Stratigraphic Position 
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Grey to black siltstone with smaller amounts of black and red shale, 


dark brown shale and siltstone, red siltstone, very fine to medium 


grained grey sandstone, marl and minor buff weathering dolomite: 


Dark grey, quartz-feldspar-sericite-chlorite siltstone comprises 


about 80% of the map unit. It is laminated to thinly bedded (maximum 
thickness of a few feet). Beds are commonly graded from massive, very 
fine sand at the base through massive dark grey siltstone to cross- 


laminated and ripple marked siltstone (with or without convolute 
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bedding) and with a thin (few millimeters) Shaley top. Due to grad- 
ing and zonation of sedimentary structures such beds resemble distal 
turbidites. ‘Some soft-sediment deformation due to compaction, water 
escape and downslope movement is locally in evidence. The siltstone 
commonly contains specular hematite and red (hematized) albite vein- 
ieee and is locally red due to hematite staining. The siltstone 
grades into shale on the one hand (black, red and dark brown) and 
very fine- to medium-grained, sandstone interbeds were noted in the 
area of 100+00W, 9+005. Dolomite interbeds up to a few feet thick 
in the dark grey siltstone have been included in this map unit. The 
dolomite is described below and is associated with marly siltstone 
and shale. Contacts between this unit and the Hornby Channel Forma-— 


tion are all faulted or intrusive and brecciated. 


Dolomite: Pink, white, grey, buff and purplish on fresh surface, 


light brown on weathered surface. The dolomite is compact with 
irregular thin CE nm) siliceous veinlets commonly forming a close 
network. Locally, siliceous laminations are present. The dolomite 
is commonly laminated and ripple-marked with cross-ripple lamina— 
tions. The dolomite appears to have been deposited in shallow water 
as a fine sand and is nowhere definitely stromatolitic although in 
places laminations might be interpreted as cryptalgal. The dolomite 
always occurs interbedded in dark grey siltstone and the sequence 
likely represents a marine environment of shallow depth. The dolo- 
mite has been recrystallized to a microcrystalline mosaic of anhe- 


dral dolomite grains with local patches recrystallized to medium to 


coarse white dolomite. Almost all dolomite has been fractured in an 


early stage of breccia development with fractures typically in tabled. 
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ye 
by coarse crystalline white dolomite. No sedimentary contacts with 
the Hornby Channel Formation could be found. 

H, Dark brown shale: This rock type commonly occurs in association 
with lithology J, and is nowhere seen in sedimentary contact with 
Hornby Channel Formation. 

ia rerterord chery: This "rock is composed of well sorted, oblong, 
pellet-like bodies of chert about 0.5 mm across cemented by inter- 
stitial chalcedony (plate 4e). The dark red color of the rock 
is the result of extensive hematization which locally has completely 
replaced the pellet-like chert bodies. Spherical, white chalcedony 


and carbonate bodies 3 to 8 mm across are locally abundant (up to 


host. This rock occurs as a four foot thick interbed with sharp 
contacts in unit J in an area of allocthonous rocks at 8+O0H, 4+50S. 
The origin of the rock is enigmatic as it most closely resembles an 
accumulation of fecal pellets although its probadle Aphebian age seems 


to preclude such a genesis. 


aA Dark red, micaceous, fine sandstone to siltstone: Well sorted, strongly 
hematite stained, feldspathic, few to several percent fine to medium 
grained detrital muscovite flakes are oriented parallel to the bedding. 
The unit is massive to laminated. Although a similar rock type occurs 


within the Hornby Channel Formation on base line 1, this map unit is 


considered allocthonous and of a formation other than the Hornby 
Channel Formation. 

Ke. ae silicified, subfeldspathic, micaceous sandstone: Well sorted, 
fine to medium grained, brown to buff on weathered surface, buff to 


pale green on fresh surface, 10 - 15% feldspar. Minor, medium grained 


detrital muscovite is common and occasional, fissile, green muscovite 
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rich (5 to 15%) sandstone lenses up to a few feet thick are present. 
The greenish color is undoubtedly imparted by sericite cement. This 
rock type occurs along Vestor Channel between 10+00E and 20+00E and 
is not seen in contact with sandstones definitely of the Hornby Chan- 
nel formation. This unit may well be part of the Hornby Channel 
Formation but because all contacts are with intrusive or allochtho- 
nous rocks it is considered to be of uncertain stratigraphic posi- 
tion. The rock has been subjected to fracturing and mild brecciation 
as described under unit P and as such should be considered as a stage 
1 brecciated sandstone. 

Boulder Diemictite: This is a matrix-rich conglomerate with a dis-— 
rupted framework. It is composed of 40 to 50% well rounded lithic 
pebbles, cobbles and boulders mostly of granite, gneisses, sandstone, 
siltstone, dolomite and shale in a dark grey matrix of dirty, siity 
sand of all sizes. The rock is extremely heterogeneous and unsorted. 
It is found in association with brecciated lithologies and is not likely 
part of the Homby Channel Formation. Lithologically it resembles 
conglomerates of the Murky Formation (Et-then Group) although such 

a correlation is not justified on the basis of available evidence. 
Reinhardt (1972) has described this rock type as a pseudoconglomerate 
generated by diatreme activity. The evidence for or against this 


hypothesis is circumstantial and one cannot be conclusive about the 


genesis of this unit. 


Intrusive Rocks 


M. 


Red albite syenite: This is a coarse, hypidiomorphic granular, dyke 
rock composed of 80 to 90% antiperthitic albite, 10 to 20% mafics, 
minor potassium feldspar and up to a few percent acicular apatite. 


The albite contains 5 to 8% anorthite as indicated by both refractive 
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index and extinction angle measurements. This albite is antiperthi- 
tic (perhaps 15% of the feldspar is potassic) and weakly altered to 
sericite and epidote. The megascopic red color is due to a micro- 
scopic dusting of heamtite through the albite. The mafic component 
comprises carbonate-magnetite-—chlorite—hornblende pseudomorphs of 
euhedral pyroxene, deuteric (?) hornblende, and extremely pleochroic 
primary biotite. This unit comprises a dyke up to a few hundred feet 
thick that forms part of the north boundary of the map area. A fault 
coincides with the southem contact of the dyke within the map area 
and locally, adjacent the fault, all mafics have been altered to a 
pale green mass and the rock shows evidence of weak shearing,» In 


one location gouge is present adjacent the fault. 


Red—brown bostonite: Before alteration this rock was composed of 95% 


albite (An,), trace to minor quartz, up to 10% acicular apatite and 

up to 10% magnetite. The texture is idiomorphic to hypidiomorphic 

with an imperfect trachoidal arrangement of albite laths (plate 4c). 
Albite iaths are less than 2 mm in length with equidimensional albite 
phenocrysts rarely present. Alterations include hematization, 
sericitization, carbonatization and chloritiszation., A fine dusting 

of hematite throughout the albite produces the characteristic red-brown 
color on both weathered and fresh surfaces although locally a dark grey 
phase is present which is petrographically identical to the reddish 
bostonite. Sericitization has affected the bostonite to varying degrees 
from only a minor alteration of albite to complete replacement. In 
outcrops, secondary sericite comprises less than about 10% whereas in 
a@rill core certain contact zones and thin dykes are completely altered 


to pale green sericite plus dolomite over widths of up to several feet. 
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Dolomitigzgation of the bostonite is ubiquitous with replacive dolo- 
mite constituting 20 to 60% of the rock. In addition to this, some 
outcrops show a close network of coarse crystalline white dolomite 
veinlets of all orientations which in themselves may comprise seve- 
ral percent of the exposure (plate 3a), Chlorite content varies 
from trace to 25% with high chlorite contents only seen in the large 
intrusion at 17+00E, 5+00S and in drill core from 5+OOW, OFOON. It 
is thought that most, if not all, of the chlorite was introduced as 
evidence for replacement of mafics is lacking whereas evidence for 
replacement of albite is common. The bostonite has been extensively 
brecciated in many areas during diatreme activity and this map unit 
is gradational into unit V, brecciated bostonite. Thin section study 
has revealed that some areas mapped as massive bostonite are in fact 
composed of bostonite clasts in a comminuted and recrystallized al- 
bite matrix. 

Breccia dykes with albitized comminuted matrix predominant: This 
lithology is composed of 20 to 70% fragments of quartz, feldspar, 
Sandstone, and granitic rock locally with bostonite, siltstone and 
microcrystalline dolomite set in a very finely comminuted, quartzo- 
feldspathic matrix which has undergone partial recrystallization, 
extensive to complete albitization and partial dolomitization (plates 
5&6). The megascopically visible clasts are lithic, range up to a 
few inches across and are sub-rounded to rounded. Microclasts are 
predominantly single crystal fragments of much greater angularity. 
Most quartz microclasts are preserved whereas potassium feldspar 
grains which escaped albitization are very rare. The matrix is 


y 
composed of a mosaic of albite (60 to 90%) and quartz (10 to 40%) 
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which occurs as equidimensional grains usually about 0.015 mm across 
but which range from 0.008 to 0.04 mm (plate 6d). It is usually 
structureless but occasionally preferred orientation of elongate clasts 
and porphyroblasts define a weak flow structure indicative of movement 
of matrix between clasts (plate 5e). This texture is not the banded 
structure typical of mylonites as it is not thought to have been 
generated by shearing due to directed stress (Higgens, 1971). ‘The 
matrix is salmon pink in hand sample due to the invariable weak 
hematization of albite. The matrix is usually noticeably sericitic 

and in some samples long straight muscovite porphyroblasts comprise 

up to 10% of the matrix (plate 5g). Quartz porphyroblasts are almost 
always present in amounts up to 30% of the matrix. They are commonly 
evhedral (alpha-quartz morphology), radiating and zoned (plate Dy OIA ee f) 
and range up to several tenths of a millimeter across. Similarily more 
coarsely crystalline albite is present in veinlets or as patches (plate 
6, a to Gi) Occasional, scattered, isolated, lath-shaped albite 
porphyroblasts up to 0.5 mm are present in amounts up to 10% of the 
matrix (plate 5h). Only the coarser albite shows twinning which is 
usually a poorly developed chess board variety. Coarse, secondary, 
replacive dolomite, commonly as euhedral rhombs (sometimes zoned) , 

was the last mineral to crystallize. It is preferentially replaces 

the albitic matrix but may affect clasts (particularily siltstone) 


to a lesser degree. Carbonate composes 5 to 30% of the total rock 


and its preferential leaching commonly imparts a "scoriaceous" 
appearance to the outcrop surface. This rock type occurs as dykes 
up to a few feet across that locally bifurcate and have sharp contacts. 


They are definitely intrusive and their close resemblance to aplite 


was the reason for their inclusion with intrusive rocks during 
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field mapping. This unit is transitional into unit Q and V on the 
one hand and unit S on the other. Many outcrops of this rock were 
too small to map as such and hence were included within units Q, 5 


and V. 


Brecciated and Allochthonous lithologies 


Pe 


Stage 1 brecciated sandstone: This unit is composed a sandstone 
(usually of unit E) that has been involved in an initial phase of 
brecciation which resulted in irregular fracturing with fracture 
Spacing varying from a few inches to several feet (plate 2a). 
Fractures vary in width up to about 1 cm and some are complex breccia 
Seams up to a couple of feet across containing disoriented fragments 
of sandstone (plate 2b). Fractures are infilled by one or more of 
the following materials: 

i) comminuted and albitized rock material which basically is the 
same as the matrix for lithology 0 except that it is generally 
less recrystallized and dolomitized and rarely shows more 
coarsely crystalline patches of secondary albite. 

ii) coarse crystalline, itt dolomite 

4) coarse crystalline, white quartz which is commonly drusy 
In general the rock in a stage 1 breccia has been fractured but not 
extensively fragmented and there appears to have been little movement 
of sandstone blocks outside of local jumbling which disoriented 
bedding across fractures. The contacts of this unit with unbrecciated 
sandstone and stage 2 sandstone breccia (unit Q) are usually gradational 
over distances up to several tens of feet. Contacts with other rock 


types are abrupt and brecciated. 
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Stage 2 sandstone breccia: In this unit the sandstone has been 
shattered into distinct angular fragments, usually less than several 
feet across, set in a matrix of aphanitic, comminuted, partially re- 
crystallized, albitized, weakly hematigzed and partially dolomitized 
quartzo-feldspathic material the same as the matrix in unit O (plate 
2c). Locally, especially towards the west end of the base line, 
coarse crystalline quartz cement is important. The matrix generally 
comprises less than 30% of the rock and as little as 10%. Juxtaposi- 
tion of contrasting sandstone lithologies as well as disorientation 
of bedding between blocks is indicative of transport and some mixing 
of fragments. This unit is gradational with unit P on the one hand 
and units 0, S and R on the other. Contacts are always with another 
breccia lithology; however, some transitional vnits were too small to 
map. 

Stage 5 brecoiays extremely variable clasts in siltstone matrix: 
Breccias mapped in this unit are highly variable both in amount and 
in composition of fragments but all are characterized by an abundance 
of deformed, dark grey to black siltstone matrix (mietiey2sd ato h). 
The fragments (not including siltstone) vary from several to about 


80% and include all sandstone types, dolomite, siltstone, shale and 


-postonite as well as rare pelletoid chert clasts. Usually the brec- 


cias have a disrupted framework and fragments range in size up to at 
least 150 feet across. In general fragments are angular but locally 
noticeable rounding is in evidence. The matrix is considered to be 
fragmented siltstone but extensive deformation of the incompetent 
fragments has resulted in their loss of identity as discrete frag- 


ments. In certain contact zones with stage 2 sandstone breccia it 
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commonly appears as if siltstone has been squeezed into fractures 
between sandstone blocks and sometimes shows a foliation parallel 

to the irregular fractures. Compositionally the clasts may be 
heterogeneous suggesting much transport and mixing (plate eile 

In places, stage 3 breccia composed exclusively of dolomite frag- 
ments in siltstone matrix and surrounded by brecciated siltstone 
(unit Ww) probably represents an original dolomite interbed in silt- 
stone that has been brecciated with little translation of fragments 
relative to each other. In certain areas the stage 3 breccia has 
undergone subsequent shearing accompanied by super-imposition of a 
shear foliation on the siltstone matrix. In such a sheared breccia 
at 82+60W, 2+60S the fragments are smailer than in the adjacent 
unsheared breccia suggesting that shearing produced further commi- 
nution of the competent fragments as well as having foliated the 
matrix. Some stage three breccias contain thin (few millimeters) 
hematite stained albite veinlets while some interstitial secondary 
albite is locally present in the matrix. Secondary dolomitization 
is usually minor to nonexistent. The apparent vnimportance of meta- 
somatic alteration of the siltstone matrix breccias is likely due 

to their impermeability. As comminuted quartzo-feldspathic material 
becomes more important in the matrix there is an attendant increase 
in albitization and carbonatization making this unit transitional 
into uit S. On the other hand, where the stage 3 breccia contacts 
with sandstone, an intermediate brecciated sandstone zone is usually 
present. Where such a transition zone is absent the contact commonly 


is linear and marked by a narrow mylonite band indicative of a fault 


contact. 
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Dolomitized, albitized, Stage 3 breccia with siltstone and comminuted 


matrix: These breccias are the most heterogeneous and locally vari- 
able breccias present in the map area. Fragment size ranges rapidly 
over short distances from 100 x 80 feet to finely comminuted rock. 
Fragments are predominantly of sandstones, dolomite, siltstone, shale, 
bostonite and rarely pink granite and granite gneiss (up to 10 feet 
across). The matrix is composed of deformed siltstone plus finely 
comminuted gquartzo~-feldspathic material that has undergone partial to 
extensive recrystallization, extensive to complete albitization and 
extensive dolomitization. This quartzo-feidspathic matrix is similar 
to that described for unit 0. Weak hematization colors the albitic 
matrix red in hand sample. Large (up toeZ mm), weli-—zoned, euhedral 
dolomite crystals are abundant and preferentially replaced matrix. 
Solution of these dolomite crystals produces a "scoriaceous" weather~ 
ing surface. This rock type occvrs as large irregular "pipes" inter- 
connected by breccia dykes. Variations are present within these 
"pipes" with respect to fragment composition but no pattern or sym- 
metry of these variations has been noted. In general, fragment size 
decreases within a few feet of the edge of such a "pipe" and the 
margin is commonly lined by a banded microbreccia as described below. 
This unit is transitional to units 0, Q, R, T and V. 

Dolonitizea, panded microbreccia: This rock type occurs as dykes 
(plate 3a) transecting sandstone and brecciated sandstone and as 
banded margins on irregular breccia pipes of unit § (plate 3g). In 
outcrop the lithology is finely banded, grey, and weathers with a 
"scoriaceous" texture due to solution of secondary dolomite crystals. 


The lithology is composed of 20 to 50% angular to subroundsd frag- 
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ments of sandstone, siltstone, dolomite, bostonite, quartz and 
feldspar that rarely exceed 1 cm across. The matrix is finely 
comminuted rock material that has undergone extensive to complete 
albitization and recrystallization followed by extensive dolomiti- 
zation that commonly exceeds 50% of the rock. Porphyroblasts Coss 
mm) of albite are common (up to 15% of matrix) in addition to the 
extremely fine matrix albite mosaic (0. 004. mm to 0.015 mm). Com- 
plete recrystallization of quartz and albite to grain size up to 
0.5 mm is also common. Banding is defined by variations in frag- 
ment's size, fragment composition, degree of recrystallization and 
degree of dolomitization (plate 6g). This banded lithology occurs 
in thicknesses from a few inches to a few feet only and where a 
banded dyke exceeds a few feet in width it becomes massive, although 
lithologically similar, in the center. The banding is continuous 
over distances up to several feet and parallels all the irregula- 
‘rities of the adjacent contact with sandstone or brecciated sand- 
stone (plate 3; e, f). The essential difference between this lith- 
ology and the massive breccia dykes with comminuted matrix predomi- 
nant (unit 0) appears to lie in the fact that the latter rarely con- 
tain dolomite (and siltstone) fragments whereas abundant dolomite 
(and siltstone) fragments are typical of the former. The greater 
primary dolomite content of the banded microbreccia is likely re- 
sponsible for its far more extensive dolomitization (recrystallized 
primary dolomite). Contacts with sandstone and brecciated sandstone 
are abrupt and wth tah ee while contacts with unit 5 may be sharp or 
gradational over several centimeters (plate 3h). Fragments of this 


lithology are found within irregular pipes of unit 5 and hence the 
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banded marginal phase (where present) of such pipes appears to be 

an early feature subjected to later brecciation. 

Brecciated postonite: This rock type is composed of angular, red- 
brown, dolomitized bostonite fragments with or without sandstone 
fragments in a red-brown, weakly to moderately dolomitized, micro- 
crystalline albite matrix (plate 3c). The matrix generally constitutes 
less than 30% of the rock and is likely derived from recrystallization 
of finely comminuted bostonite. In places the matrix becomes more 
highly dolomitized and heterogeneous and grades into a bostonite rich 
Stage 3 breccia of unit 5. Brecciated bostonite is only found in close 
association with massive bostonite intrusions. 


Brecciated and/or sheared siltstone: The brecciated siltstone is 


usually composed of angular, dark grey. siltstone fragments in a deformed 
dark grey siltstone matrix. Recognition of the brecciated nature of 
this siltstone is often difficult and hence contacts with unbrecciated 
siltstone are usually approximate. In places small amounts of all 
lithologies included in unit F are involved. Clasts range to at least 
several feet across. In places the siltstone and brecciated siltstone 
have been extensively sheared with imposition of a shear foliation. 

Tn such sheared siltstone it is impossible to tell whether the original 
rock was brecciated or not and in places it is aifficult to distinguish 
from sheared stage 3 breccia. As a result this unit includes both 
sheared siltstone breccia and sheared siltstone. The large body of 


siltstone around 74+00W is thought to be mostly sheared with large 


boudin-like clasts of dolomite and rarely sandstone but poor exposure 


prohibits a more detailed analysis. 
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08 Brecciated dolomite: This rock type is analagous to stage 2 sandstone 
breccia except the clasts are almost exclusively dolomite and the matrix 
is coarse crystalline dolomite plus some siltstone. 

Y. Brecciated fine red mcaceous sandstone: This wit is sandstone of 
unit J that has been brecciated to a degree equivalent to stage 1 and 
2 brecciation. 

Ze Quartz-mylonite veins: These veins are composed of coarse crystalline 
white quartz which is commonly drusy and locally contains a large 
proportion of mylonite fragments (up to 60%) . Mylonite fragments are 
most abundant where such a vein cuts sandstone and less abundant where 
it cuts sheared siltstone. This suggests that the veins represent 
faults in which post lithification shearing induced mylonitization of 
the competent sandstone but resulted only in shearing of the incompetent 
siltstone. Post-—-movement quartz veining brecciated the mylonite and 
siltstone with accompanying chloritization of siltstone fragments. 

The quartz is known to contain up to 0.6 oz gold /ton and minor 
chalcopyrite, pyrite and bornite. lLimonite staining is locally 
prominent both in the veining and in sandstone immediately adjacent. 

g. sandstone-syenite breccia: In this unit the sandstone has been 
brecciated to the degree of a stage 1 breccia and locally to stage 
2 but the matrix and fracture filling is altered and partially 
comminuted albite syenite. This unit was found only at 6+00E, 
12+50N and the syenite matrix is identical to syenite which outcrops 
in the large dyke immediately north. The mafics ia the syenite have 
been altered to a soft yellow-green mass. Thin sections show that 
some of the sandstone and syenite matrix has been comminuted but 
inclusion of sandstone fragments in coarse syenite definitely 


demonstrates the younger age of the large dyke. The partial 
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comminution of syenite and sandstone in this unit appears to be 
the result of nearby diatreme activity and suggests pre-diatreme 


age for the syenite dyke. 


Base Line 1 Lithologic Descriptions 


Basement (Slave Structural Province) 

A, Granite and granite gneiss: Pink with sparse me epand muscovite, 
locally pegmatitic. 

Be JDiabase: Black, slightly dolomitized with chilled margins. The 
diabase dyke appearing in the basement granites east of Romeo Lake 
belongs to a northeast trending swarm believed to predate the Hornby 
Channel Formation. 

C. Paleoregolith: Highly altered, green granite. The mafics and feldspar 
are almost completely altered to sericite resulting in a green color. 
This lithology crops out only on the west corner of Romeo Lake and due 
to proximity to the Channel Fault and its associated quartz vein, the 
paleoregolith is veined by abundant irregular quartz stringers (up 
to 50%). Some limonite staining from oxidation of pyrite is evident. 
This pyrite is believed to ieee introduced from the adjacent 


fault at the time of quartz vein formation. 


Hornby Channel Formation (Sosan Group) 

D. Fine, white, silicified orthoquartzite: Fine to very fine well sorted, 
highly silicified, white to very pale pink, over 95% quartz. 
Extensively veined by quartz stringers (up to 50%) originating from 
the adjacent fault and quartz vein. 

E. Sericitic, granite pebble sandstone: Medium to very coarse, Slightly 


conglomeratic to conglomeratic, fair to poor sorting, subfeldspathic 


to feldspathic, buff to brown. Abundant brownish weathering sericite 
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CHANNEL FAULT 


POO A LI A RID OS RRS RY SRP 


quartz veins 


limit of outcrop 2 x pit or trench 
geologic contact; definite, assumed or gradational base line showing stations from which picket lines erigfins 
apeha nee in both directions and one direction 


minor fold axis; syncline, anticline 
bedding with dip vertical, inclined, overturned, horizontal,unknown | BASEMENT (Slave Structural Province) 


A Granite and granite gneiss 
B Diabase 
€ Paleoregolith 


{ HORNBY CHANNEL FORMATION (Sosan Group) 

( Fine, white, silicified orthoquartzite 
Sericitic, granite pebble sandstone 
Silicified, sericitic, conglomeratic sandstone 
Very fine, dark red, silty sandstone 


Silicified, sericitic, conglomeratic sandstone Jacking 
cross-bedding 


[7] 1 Extensively cross-bedded, silicified, buff, pink and 
purple, conglomeratic sandstone 


Fine to medium grained, pink, feldspathic sandstone 


Interbedded buff, fine to medium grained, well sorted, 
subfeldspathic sanastone, very fine, silty, dark red, 
micaceous sandstone and minor lenses of sandy, buff 
weathering dolomite and dolomite cemented sandstone. 


Silicified, light pink to buff, fine, well sorted 
to coarse, conglomeratic, poorly sorted sandstone 


Coarse, poorly sorted, weakly cemented, sericitic 
sandstone with possible altered volcanic fragments 


Very coarse, sericite and chlorite cemented volcanic 
sandstone bearing zeolite and prehnite 


Silicified, fine, well sorted, buff to white, 
orthoquartzitic to subfeldspathic sandstone 


Silicified, coarse, pink, highly feldspathic 
sandstone tatbitizea) 


Medium to coarse, fair to well sorted, buff to reddish 
brown, sericitic sandstone with local very fine red 
micaceous sandstone lenses 


Silicified, fine to medium, well sorted sandstone 
and coarse to very coarse, slightly conglomeratic, 
poorly sorted sandstone 


Sandy, silty, red, lithic, conglomerate 

Disrupted and mixed sandstone lithologies (commonly 
albitized) 

BRECCIATED AND INTRUSIVE LITHOLOGIES 

Very fine, dolomitized, red-brown, albite syenite 
Stage 1 brecciated sandstone 

Stage 2 sandstone breccia 

Breccia with albitized, commiauted matrix predominant 


Stage 3 breccia; extremely variable clasts in siltstone 
matrix 


Buff weathering dolomite 
Brecciated and sheared, dark grey to black siltstone 


[EMF uartz/mylonite vein 
08 Overburden; till & raised beaches 


giz quortz 


bedding showing current direction & tops dol dolomite | 


joints; vertical, inclined 
shear foliation, vertical inclined 


metamorphic foliation; verticcl, inclined 


scarp 
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cement gives a green color to the rock when fresh. Phenoclasts are 
dominantly of quartz, quartzite and sandstone but granitic granules 
and pebbles are abundant. Less common clasts are of red and green 
siltstone, mylonite, and jasper. Generally the gravel fraction is 
dispersed in medium to coarse sand that is reasonably well sorted. 
Locally the rock is hematite stained. 

Nilicified, sericitic, conglomeratic sandstone: This map unit is 
variable over short distances with respect to cement, grain size and 
feldspar content. The sandstone ranges from medium to very coarse and 
is generally conglomeratic or slightly conglomeratic (up to pebbles, 
but with granules predominant). It is generally subfeldspathic but 


locally orthoquartgitic or feldspathic. It is generally white to buff, 


strongly cemented and well silicified but large lenses and areas with 


more sericitic cement (up to 25%) end brownish color are present. Grain 
size and hematite sand laminae define bedding and cross-bedding. 
Numerous scour surfaces are present as well as rare graded 

beds with basal scours. Phenoclasts are of quartz, quartzite and 
rarely chert. This rock vnit has been found to contain numerous lenses 
of pale green microcrystalline sericite which are recessive and don't 
outerop. The lenses vary from thumbnail size to ten feet thick end 
those uncovered by trenching are tectonically squeezed, sheared and 
seldom parallel bedding. Megascopically the lenses are pale green 
mudstone but microscopically they consist of recrystallized micro- 
erystalline sericite free of quartz and with dusting of what may be 
ivon oxide (goethite?). A relict spherulitic texture (about 10 - 

20% spherules)in some sections suggests an origin by alteration of 


an original glassy tuff (plate 4h). 
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CG. Very fine, dark red, silty sandstone: Well sorted, subangular to 


rounded, strongly to weakly cemented, strongly hematized. This lithology 
is often micaceous containing up to 15% detrital muscovite flakes that 
are sorted but larger than the quartzo-feldspathic fraction. Cementing 
is by silica contact cement, up to 25% recrysiallazed. seérieite and 10% 
hematite. This lithology is massive or thinly bedded to laminated with 
bedding becoming more evident with an increase in silt and muscovite 
content. The muscovite flakes show a bed-parallel preferred orientation. 
This rock type has an unusually high background radioactivity as 
indicated on the base line 1 radiometric map (map i). 


H. wet Lea fied; sericitic, conglomeratic sandstone lacking cross—bedding: 


Similar to unit F except that cross—bedding is generally rare. 

i Extensively cross—-bedded, sSilicified, buff, pink and purple, conglomeratic 
sandstone: Medium to granule sized, moderately sorted, subfeldspathic 
to feldspathic. The granule sized fraction is oligomictic being composed 
of quartz and quartzite. Abundant festoon cross—beds and hematite 


laminations typify this unit. The lower contact is a gradual transition 


with unit H while the upper contact is gradational by interbedding 
with unit J on a scale of about 1 foot thick interbeds. 

Je Fine to medium grained, pink feldspathic sandstone: Well sorted and 
silicified. At least some of this lithology is partially albitized 
(see chapter VL) but the extent of this alteration is unknown. In 
places this unit contains up to 20% buff, medium to coarse, well 
sortads sericitic sandstone and minor, fine, dark red, micaceous 
sandstone (especially near the top of the unit). The contact with the 
overlying unit K is gradational by interbedding over a few tens of 


feet. 
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Interbedded, buff, fine to medium grained, well sorted, subfeldspathic 
sandstone, very fine, silty, dark red, micaceous sandstone and minor 


lenses of sandy, bit weathering dolomite and dolomite cemented sand—- 


stone: The rocks included in this unit are described as follows: 

i) Butt weathering, fine to medium, well sorted, subfeldspathic 
sandstone: This lithology, which comprises most of the unit, 
is pale green or pale pink when fresh due to sericite cement 
and feldspar respectively. 

ii) Very fine, silty, dark red, micaceous sandstone: This rock 
varies from fine sandstone to silstone. The same as unit G. 

45) Sandy, buff weathering dolomite to dolomite cemented sand- 
stone: This rock is composed of up to several tens of percent 
very fine to coarse quartz sand in compact dolomite with a 
few percent coarsely crystalline secondary dolomite. In many 
places the rock is somewhat hematized and weathers rusty brown 
whereas it is buff to purplish red when fresh. This rock type 
occurs as lenses generally less than 3 feet thick in rock type 
ii above. 
This map unit has an unusually high radioactive background 
and is coincident with several anomalies defined on the 
radiometric map of base line 1 (map 12). Contacts are 


gradational and cross-beds and hematite laminae are absent. 


pi licitied,, lisbt pink to buff, fine and well sorted to coarse, 


conglomeratic and poorly sorted sandstone: This rock unit is variable 
posits teste 2 Festa 


along strike. At the west end of base line 1 it is buff, medium grained 
and well sorted to coarse and moderately sorted. Around 8+00H the 


unit becomes very coarse, conglomeratic and poorly sorted with prominent 
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cross-bedding. Around 28+00E the unit is fine to medium, well sorted 
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and pale pink. Here it begins to resemble unit J. At the eastern end 


of its exposure the unit again becomes coarser and more poorly sorted. 
Strike of bedding in this unit frequently appears to deviate from the 
lower contact (which is gradationl). tnvS 1S most taker, due to Large 
cross beds which commonly cannot be recognized through lichen cover. 
Hematite laminations are sparse in this unit. 

Coarse, poorly sorted, weakly cemented, sericitic sandstone with 
possible altered volcanic fragments: This sandstone weathers buff 

to brown and presents a rubbly outcrop due to the easily weathered 
sericite cement (up to 35%). Locally secondary carbonate cement is 
important. This rock contains small blebs (up to a few millimeters) 
of pale yellow-green sericite that are probably altered remanits of 
Origine! volcanic clasts. This is indicated by their similarity in 
appearance to sericitized ocean clasts in the sandstone of unit N 
intersected by drill holes. Both contacts are abrupt and hematite 
laminations are absent. 

Very coarse, sericite—and chlorite-cemented volcanic sandstone bearing 
pumpeliyite and prehnite: Poorly sorted, coarse to very coarse, 
slightly conglomeratic, angular to rounded, feldspathic sandstone 
which is generally dark green when fresh but weathers red to reddish 
brown. Near the edges of the unit the rock commonly lacks chlorite 
and as a result is buff to greenish. This rock contains up to 50% 
altered volcanic rock fragments as well as minor white sandstone, 

red siltstone, granite and chert fragments. The volcanic fragments 
are angular and are generally granule size although pebbles and rare 
cobbles exist. The volcanic fragments are altered to the following 


minerals: chlorite, sericite, prehnite, pumpellyite, albite, opaques 
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and carbonate. The carbonate and chlorite are paragenetically last 

and second last respectively. The volcanic clasts typically show 
Spherulitic replacement by chlorite, prehnite, pumpellyite and 

albite (plate 4f) while carbonate often pseudomorphs spherules. Many 
clasts appear deformed by compaction. Albite, chlorite, prehnite and 
extensive dusty opaques occur in the matrix of the sandstone as well 

as clasts. The mineral assemblage indicates metamorphism of the 
pumpellyite-prelhmnite-quartz facies. Within several feet of the contact 
of this unit the rock lacks chlorite, and sericite, often with a 
spherulitic texture (plate Ae), becomes the dominant alteration 

product of volcanic material. The west end of the rock unit appears 

to show a depositional contact with unit O that is gradational over 
several inches. The contact at the east end of the unit may also be 
depositional and similar. The volcanic sandstone in which only sericite 
alteration is present is similar to unit M and these two units are 
probably time stratigraphically equivalent. This sandstone is a mixture 
of very immature volcanic debris and submature quartzo-feldspathic 

sand. This lithology lacks cross-beds and hematite laminations although 
hematite-quartz veinlets are common. 

Silicified, fine, well-sorted, buff to white, orthoquartzitic to 
subfeldspathic sandstone: This sandstone is massive and lacks 

hematite laminations. 


Silicified, coarse, pink, highly feldspathic sandstone: This unit 


is massive and contains abundant quartz veins. It is extensively 
albitized (up to 40%) and the weak hematization of the replacive and 


interstitial albite produces the pink color. 
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Q. Medium to coarse, fair to well sorted, buff to reddish brown, sericitic 


Sandstone with local,very fine, red, micaceous sandstone lenses: This 


lithology weathers buff to reddish brown but would likely be green 
when fresh due to the sericite cement. The included lenses of very 


fine red micaceous sandstone are similar to unit G. 


Re bilicified, fine to medium, well sorted sandstone and coarse to very 
coarse, slightly conglomeratic, poorly sorted sandstone: This unit 


is variable over short distances from fine to medium grained and well 
sorted sandstone to coarse to very coarse, slightly conglomeratic and 
poorly sorted sandstone. Both sandstone types are white to buff and 
subfeldspathic. The finer fraction generaily predominates. 

SS. Sandy, silty, red, lithic conglomerate: The framework constitutes 40 
to 70% and is composed of granules, pebbles and cobbles of quartzite, 
quartz, sandstone, siltstone, granitic rocks, chert (?) and mylonite (?). 
The matrix is silty to coarse, poorly sorted and is dark red due to 
hematization. The rock has a disrupted framework and is poorly 
sorted. large clasts are well rounded. 

se Disrupted and mixed sandstone lithologies: This unit appears to have 
undergone extensive soft sediment deformation, possibly as a result 
of slumping. Sandstone lithologies are disrupted and mixed in an 
irregular fashion on a scale that varies from a few inches to a few 
tens or Tees (plate 1d). The rock types involved appear to be from 
units F, G, H, I and J. Plate 4d shows the bimodal sorting and 
angularity of some of the sandstone indicative of mixing of two 
component sands. Albitization of detrital feldspar is at least 
locally important end is probably extensive. In the large disrupted 
body around 61+00E and 2+005 there is a gradational increase in 


lithology J from east to west where it comprises 90% of the unit. 
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lithology J first appears as interbeds up to a few feet thick on the 


east. This interbedding of lithology J with lighology F is similar 
to the interbedding of lithologies J and I farther west. This, 
combined with the prominent cross—bedding, suggests stratigraphic 


equivalence between unit I and the upper part of wit F. 


Brecciated and Intrusive Lithologies 


U, 


Dolomitized, red-brown, albite syenite: This is a narrow, medium 
grained continuation of the large syenite dyke mapped on base line 

2. it is composed of hematite stained, subhedral albite which is 
locally antiperthitic and which has been largely (60%) replaced by 
secondary dolomite. The mafics are completely destroyed but were 
probably pyroxene, hornblende and biotite. The texture is mediun 
grained hypidiomorphic granular. 

eeage | brecciated sandstone: See description for unit P, base line 2. 
Stage 2 sandstone breccia: See description for unit Q, base line 2. 
redominant: See description 


Breccia with albitized, comminuted matrix 


for unit O, base line 2. 

Stage 3 breccia; extremely Toners clasts in siltstone matrix: See 
description for unit R, base line 2. 

Buff weathering dolomite: Compact, varicolored, laminated to thin 
bedded dolomite. Siliceous laminae and thin veinlets are common while 
bedding is often wavy and occasionally ripple marked. Locally the 
compact dolomite has been partially recrystallized to coarse crystalline, 
white, secondary dolomite. This dolomite is abundant in stage 3 
breccias and in one location at the west end of the base line 
fragments were definitely stromatolitic of the laterally linked 


hemispheroid type. (plate a3 e,f) 
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Brecciated and sheared, dark grey to black siltstone: Almost all of 


the siltstone exposed on base line 1 (mostly at the west end) has 
been sheared to some extent as is evidenced by a shear foliation. 
Where the siltstone is not sheared it usually appears brecciated with 
small angular and deformed clasts of siltstone in a siltstone matrix. 
This internally brecciated siltstone grades into stage 3 breccia. 
Locally the brecciated or sheared siltstone contains scattered 

rhombs, of secondary dolomite. Before brecciation the dolomite of 
unit Z was interbedded in thin bedded to laminated dark grey siltstone. 
Such interbeds are now often represented as zones of ee 

breccia in which most or all fragments are dolomite. 

Quartz/mylonite vein: These veins are predominantly of white, coarse 
crystalline quartz which is locally drusy and commonly contains 

minor disseminated pyrite and chalcopyrite which have produced 

local limonite staining. In places the veins appear to have been sub- 
sequently mylonitized. In other places angular mylonite clasts 
appear in quartz suggesting pre-quartz mylonitization. Locally thin 
mylonite lenses appear without crystalline quartz. Quartz veins 
without mylonite are usually thin and are labelled separately on the 
map. 

The thin but prominent quartz vein that subparallels the base line at 


about 44008 was not seen to contain mylonite but it may be the westward 


extension of the fault that forms the south contact of unit N. 

The lack of mylonite and appreciable stratigraphic offset implies a 

minimum of movement west of 50+Q0OE. 

Quartz veins commonly grade through a quartz vein stockwork into the 
surrounding sandstone and arbitrarily such a system containing more 


than 50% quartz veining was mapped as a quartz vein. 
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The most prominent and largest veins are those coincident with 
major northeast faults. In addition to these there are abundant, 
small, discontinuous, steeply dipping quartz veins striking east- 


southeast. 


Stratigraphic Correlations and General Comments on the Base Lines 1 & 2 
Geology Maps 


The lithologic descriptions and map unit names used for the two base 
line maps were set up independently of each other. This was necessitated 
by the large number of map units and the many stratigraphic uncertainties 


encountered. Those rock units thought to be equivalent between the two 


base line geology maps (maps Src 10) are listed in table 3. 


ee 


Equivalent Unit of Base Line 1 


Rock Unit of Base ine 2 


NSRWON OB DREVaWe 


Table 4: Bovuivalent map units from ob 
This table, in the case of undisturbed sediments, implies lithostratigraphic 
equivalence. In the case of intrusive and brecciated rock types lithological 
Similarity and petrogenetic equivalence is assumed. In either case the 
lithologic descriptions are usually not identical. 

The areas represented by the two base line geology maps have under- 
gone a long and involved geologic history in Aphebian time that included 
subareal weathering, sedimentation, metamorphism, magmatism, diatreme 


activity, a protracted period of repeated faulting, and metasomatism. 
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The area of base line 2 (map 8) is predominantly underlain by a thick 
sandstone succession which represents the lowermost several hundred feet 
of the Hornby Channel Formation. These sandstones dip toward Vestor 
Channel south-southeast from near vertical to near horizontal. Bedding 
dips are moderate to shallowin the central and northeast portions of the 
map area but gradually steepen towards the southwest. This prism of 
sandstone has been intruded by several stocks and dyke-like bodies of 
bostonite which in all probability are interconnected within several hundred 
feet of the present erosion surface. Subsequent to bostonite emplacement, 
the area, as well as portions of base line 1 and elsewhere along the 
Simpson Islands fault system, was cut by irregular diatreme breccia "pipes" 
and dykes. The intrusive history is discussed in chapter V. Figures 
7, 8 and 9 are geologic cross sections taken normal to base line 2 
and represent the range of features encountered on this base line. 

The sections transect four radioactive zones and data from the diamond 
drilling of the radioactive zones is incorporated although only those 
holes lying in the planes of the sections are represented diagramatically. 

The Hornby Channel Formation underlying the area mapped along base 
ame: cL (map 10) is sedimentologically much more complex than that of base 
line 2. Sandstones on base line 1 were grouped on the basis of lithologic 
similarity and as a result certain contrasting lithologies were mapped 
separately although they appear to be stratigraphically equivalent 
whereas other separated outcrops ascribed to the same map unit (such as 
unit F) may belong to distinct stratigraphic levels. 

The mapping of the base line 1] area was primarily concerned with the 
geology in the wedge between the Channel fault aad the Simpson Islands 
fault. Within the northeast apex of this fault block granitic basement 


is exposed surrounded by and in fault contact with Hornby Channel Formation 
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sandstone (map 15). Romeo Lake overlies the basal unconformity, a small 
section of which is exposed at the northwest corner of the lake. Towards 
the southwest of the fault wedge generally higher stratigraphic levels 
of the Hornby Channel Formation are exposed. The fault wedge seems to 
have undergone rotational displacement with the northeasterm apex having 
been upthrown whereas towards the southwest, higher stratigraphic levels 
within the fault wedge are juxtaposed with probably lower stratigraphic 
levels across the Simpson Islands fault... A net scissors movement on this 
fault is implied although this likely took place through a complex 
history of repeated movement. North of the fault wedge a major splay from 
the Channel fault complicates the structure making interpretations of 
Stratigraphic level uncertain except to say that sandstones exposed 
north of the Channel fault are thought to be within the lower 1000 feet 
of the Hornby Channel Formation. 

The Hornby Channel Formation sandstones within the base line 1 fauit 
wedge have been folded about steeply west-southwest plunging 
fold axes to produce steep to very steep dips in the northeastern part 
of the wedge. Towards the southwest, structural deformation becomes 
less severe and a moderately south to south-southwest dipping stratigraphic 
succession is present. As previously discussed (chapter id) folding: is 
thought to have been related to movement on the bounding faults and 
probably took place before complete lithification of the sediments. 
It is highly unlikely that the underlying Archean crystalline rocks 
were involved in the folds observed in the overlying sediments. The 
unconformity was likely a horizon of adécollement and probably dips at 
a low angle southwest under the sandstone. The structural cross section 
normal to base line 1 presented in figure 12 suggests a depth to basement 
at 60 + OOF of 1400 feet which indicates the basal unconformity probably 


dips at 30° southwest within the fault wedge. 
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The sandstones of base line 1 compose a rather complex and locally 
highly variable stratigraphic section comprising approximately the lower 
1700 feet of the Hornby Channel Formation. The geology within the area 
is straight-forward except for the outcrop of volcanic sandstone (unit N) 
and the area immediately surrounding this outcrop. This area presents 
a severe structural and stratigraphic problem which has not been adequately 
resolved. Factors thought to be important in the geological interpretation 
of this area are listed below: 

a) Unit N (volcanic sandstone ) appears to have been folded into a 
basin-like configuration with gentle dips towards the southwest 
end steep dips’ to the northeast, 

b) Both the northwest and southeast flanks of unit N are bounded by 
faults. 

c) Unit M is thought to be equivalent to unit N and as such may 
define the time stratigraphic level of the two units. 

a) Units N and M are local in extent and do not occur elsewhere in 
the thesis area. 

e) Unit N appears to overlie a lower stratigraphic level at its 
northeast end compared to its southwest end. 

 } Severe sedimentary deformation, probably due to slumping, is 

evidenced by unit T which occurs in two places, both of which are 

marginal to unit N and which themselves appear to occupy different 
stratigraphic levels. 

g) Unit F west of zone 5 appears similar to unit H while the 
transition zone between units H and I is similar to the transition 
zone between units F and T west of zone 5. 

h) Southwest of zone 5, unit K directly overlies unit F whereas 


farther west units I and J underly wnit K and overlie unit H 
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which is the possible equivalent of the upper part of unit F. 
If this apparent ambiguity were to be explained by lateral 
facies variation the area of pinching out of units I and J 

is occupied by a large probable "slump" structure (unit T) 
which involves lithologies similar to I and J as well as others. 
immediate to the west of this "slump" structure units I and J 
definitely undergo internal lateral variation. 

4) “Units K and 0 immediately west of unit N present a particularly 
difficult problem both structurally and stratigraphically. The 
problem is aggravated by ill defined contacts and the map in this 
area should be considered somewhat generalized. Unit K here is 
not thought to be the stratigraphic equivalent of unit K elsewhere 
and its presence may be due to rapid lateral. facies variation. 
Unit O in this area is also probably not stratigraphically 
equivalent to unit O elsewhere. 

Given the above observations one could speculate that the distribution 
of the volcanic sandstone, unit N, and surrounding rock types is due to 
rapid lateral facies variation, sedimentary slumping, partial discordance 
of unit N as a channel fill feature and subsequent folding and faulting. 


It is worth nothing that the associated sedimentary processes invoked are 


compatible; i.e. they might be expected to occur together. 

Figures 10 and 11 present schematic, palinspastic, stratigraphic 
reconstructions from base line 1 made on the basis of relations seen 
north and west of zone 5 in the case of figure 10 and north of zone 5 and 
southwest of unit N in the case of figure 11. Thus the stratigraphic 
section at the right hand edge of both diagrams is the same. In figure 
10 if one were to view progressively farther away at right engles to 


; ats Des ee eyes 
the plane of the section, units I and J would appear between units K 
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and I as part of a lateral facies variation. Thus the left hand side of 
figure 11 represents what one might see some distance behind the left hand 
side of figure 10. The cross section normal to base line 1 presented in 
figure 12 assumes that the stratigraphic sections in figures 10 and 11 
are essentially correct. 

The general stratigraphy of the two base line maps and its paleogeo- 
graphic significance will be discussed in chapter IV. 
Geology of Zone 1 

Map 12 illustrates the detailed geology of the zone 1 area located on 
base line 2 (see map 8 for location). This gone is the most geologically 
complex of the eleven radioactive zones encompassed in the thesis area 
and illustrates several important field relationships. 

The unbrecciated dark grey siltstone in the southwest side of the 
area is nowhere seen to contact directly with either Hornby Channel 
Formation sandstones or bostonite. Instead, a zone of brecciated silstone 
or siltstone rich breccia everywhere separates the undeformed siltstone 
from undeformed sandstone or bostonite. A portion of the southwest 
contact of the massive bostonite stock is marked by a breccia in which 
bostonite clasts up to a few feet across occur within brecciated siltstone. 
The close pattern of dolomite filled fractures typical of the zone l 
bostonite (plate 3a) is also seen in the bostonite clasts indicating 
that fracturing predated brecciation. It appears as if the competant 
sandstone and bostonite lithologies were brecciated and fragments 
mixed with brecciated siltstone over irregular areas and along contacts 
with siltstone, all of which appear discordant and intrusive. The large 
sandstone outcrop (uit B) on which pits A, B, © and F are located is 


likely a single, isolated, breccia fragment. 
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Zone 5 Geology 

Zone 5, within the base line 1 map area, is the most interesting of 
the eleven radioactive zones defined in the thesis area. Mineralization 
within this zone is of higher grade than the other zones. As a result 
a detailed radiometric orientation survey was conducted over zone five. 
The geology map of zone 5 (map 13) was made primarily for correlation 
with the radiometric map (map 14) and as such will be discussed in chapter 
VI. 

Romeo Lake Area Geology 

The geology of the northeastern apex of the fault block mapped along 
base line 1 is presented in map 15 at a scale of one thousand feet to 
the inch. The area of interest lies between the Channel fault and the 
Simpson Islands fault near their point of jmction 3000 feet northeast of 
the northeast end of base line 1. Granitic basement rocks underlie a 
triangular area in the apex of this wedge-shaped fault block. As discussed 
previously, the unconformity beneath the Hornby Channel Formation, 
between the Channel fault and the Simpson Islands fault, probably dips 
about 30° southwest. The unconformity and underlying paleoregolith 
coincide with a pronounced topographic depression occupied by Romeo Lake 
due to the erosionally recessive character of the paleoregolith. 

The granitic basement rocks exposed in the fault block northeast of 
Romeo Lake are cut by two discontinuous, northeast striking, diabase dykes. 
These dykes do not intrude the Hornby Channel Formation which they 
probably predate. 

A thin dyke and several small patches of albite syenite also intrude 
the granitic rocks immediately northeast of Romeo Lake. This dyke is an 
extension of the major albite syenite dyke which outcrops north of bas 


line 2. Northeast of Romeo Lake, the present erosion surface seems to 
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be very close to the upper level of intrusion of the syenite dyke as 
evidenced by thinness and discontinuity of the intrusive bodies. Here 


the dyke is composed predominantly of albite (An ) which occurs as 


2=5 
random, broad laths or rectangles 1 to 3 mm across, some of which are 
weakly antiperthitic. The intrusive is strongly altered and contains up 

to several tens of percent secondary carbonate and a little sericite. 
Primary pyroxene and biotite nese at completely altered but are re- 
cognizable as pseudomorphs of chlorite and carbonate. Primary magnetite 

or ilmenite has been pSeudomorphed by leucoxene. Like both the syenite 

and bostonite mapped on base line 2, the syenite here contains a few to 
several percent apatite as euhedral crystals up to 1x0.3 mm. The northeast 
end of this syenite dyke ends against the Channel fault which is marked 

by a large quartz vein containing fragments of syenite. 

Both the Channel fault and Simpson Islands fault are marked by large 
white quartz veins which are generally wider (up to 50 feet) near the 
junction of the two faults. The vein on the Simpson Islands fault contains 
granite fragments and the adjacent sandstone has been veined by a quartz 
stockwork. Locally the quartz is minéralized with disseminated chalcopyrite 
which has partially weathered to malachite and azurite. A narrow, post— 
quartz mylonite band occurs in this vein on or near its north side. The 
quartz vein coincident with the Channel fault contains sandstone fragments 
and in some places is also marked by mylonite. At one place a fault 
breccia composed of angular mylonite porphyroclasts in a hematitic matrix 
occurs on the Channel fault. These features indicate repeated movements 
on the faults involving considerable dilation, mylonitization and breccia- 


tion. These faults were active after intrusion of the syenite dyke. 
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Geology of sig Peninsula and North of Cliffed Straits 


The geology of Sig Peninsula and immediately north of Cliffed Straits 
is presented in map 16. The area lies along the Simpson Island fault and 
extends from 43500 feet to 27000 feet northeast of the northeast end of 
base line 1. The map of the Romeo Lake Area discussed in the previous 
section provides the geology of the area between base line 1 and Sig 
Peninsula and thus adjoins map 15 on the southwest side. 

Bedding in the Hornby Channel Formation sandstones and conglomeratic 
sandstones which outcrop on Sig Peninsula and the pret aciend immediately 
northeast is nearly horizontal to shallowly dipping except locally 
adjacent the Simpson Islands fault... The sandstones north of this fault 
on Sig Peninsula represent the basal Hormby Channel Formation and overlie 
highly altered granitic paleoregolith. The basal fine orthoquartzite unit 
described for the base line 2 area is represented here but is discontinuous 
and lensoidal with a maximum thickness of about 60 feet. This lithology 
locally displays bedding one to three feet thick and rare assymetrical 
ripple marks. Overlying the basal orthoquartzite is sericitic sandstone, 
again similar to the base line 2 area, South of the Simpson Islands fault 
the stratigraphic position of the sandstone is uncertain but likely does 
not include the lower couple of hundred feet of the Formation. White, 
silicified sandstone mapped along the Simpson Islands fault is the result 
of secondary silicification related to the fault and is not equivalent to 
the basal orthoquartzite. 

The Simpson Islands fault, throughout the map area, is characterized 
by quartz veining, mylonite and silicification of adjacent sandstone. 

The quartz veins and mylonite usually contain a trace to minor disseminated 
pyrite and chalcopyrite. Locally sandstone adjacent the fault contains 


Similar mineralization. The basal sandstones in one area on the north 
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side of Sig Peninsula contain up to 3% copper minerals (chalcopyrite, 
bornite, chalcocite, malachite and azurite) both as disseminated 
interstitial grains and coating cracks and bedding planes. Mineralized 
sandstone is exposed over an area of about 100 by 50 feet with an average 
content of less than 2% copper Sulphides. The mineralization is probably 
hydrothermal and related to faults and the syenitic dyke which was likely 
intruded a short distance below the present mineralized exposure. 

The discontinuous syenitic dyke mapped in the area represents the 
northeastern end of the major dyke described for the base line 2 area. 
Sporadic outcrops of this dyke may extend a short distance northeast of 
the map area but a major extension in that direction is not expected. 

By analogy to the base line 2 and Romeo Lake areas (from which thin 
sections of the dyke have been examined), the intrusions appear to he 
melanocratic albite syenite. Chloritized mafics constitute up to 40% 
of the rock and biotite was found only in a three foot thick marginal 
pnase of the dyke present in one outcrop near the center of the map 
area. Elsewhere a sulfide-rich, fine grained, grey, altered, marginal 
phase a few feet thick was seen on the nortn side of the dyke in a few 
places. Minor amounts of pyrite and chalcopyrite are locally present 
in the dyke, especially the north marginal phase, and at one location a 
very thin pitchblende veinlet was exposed in the dyke by an old rock 
trench. 

The sporadic occurrence of bodies of the syenitic dyke, some as small 
as a couple of feet across, indicates the dyke in this area is exposed 
extremely close to its upper level of intrusion and is probably more 
continuous a short distance below the present erosion surface. Abundant 
secondary carbonate veining is associated with the intrusions and adjacent 


rock indicating that carbonatization of rocks between separate outcrops 
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of syenite is probably related to underlying intrusive material. The 
carbonate veins appear in hand sample to be dolomite and siderite and 
commonly contain minor pyrite and chalcopyrite. There appears to have 
been some locallized cataclasis of the syenitic dyke by movement on the 
Simpson Islands fault. 

North of Cliffed Straits a large crescentic breccia "pipe" is present 
adjacent the Simpson Islands Fault. This breccia "pipe" cuts Hornby 
Channel Formation sandstones but locally contains up to 80% angular 
granitic clasts from the underlying basement rocks as well as abundant 
to predominant sandstone fragments. Rare clasts resembling the dolomitized 
banded microbreccia described for, base line 2 occur in the pipe as well 
as rare fragments of siltstone and what appears to be basalt. Except 
for fragment composition the breccias are similar to the stage 3 oreccia 
with dolomitized comminuted matrix mapped on base line 2. In one location 
fragments of syenite occur in breccia adjacent an outcrop of the syenite 
dyke thus again establisning the post-dyke age of the diatreme activity. 
Sandstone adjacent the breccia "pipe" is weakly brecciated (equivalent to 
stage 1 brecciated sandstone of base line eae The thin unit of sandstone 
on the southwest side of the breccia "pipe" probably is the basal ortho- 
quartzite of the Hornby Channel Formation. 

Geology of Ped Peninsula 

Ped Peninsula is located on the north side of Preble Island adjacent 
to the Preble fault (map 7). Although not dealt with in detail, certain 
aspects of the geology are described as the area contains two radioactive 


zones (9 and 10) and due to deformational features adjacent the Preble 


fault. 
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Ped Peninsula is underlain by sandstones of the Hornby Channel 
Formation. In general, strike subparallels the Preble fault and dip is 
gentle to horizontal with some minor undulatory warping towards the north- 
east. Locally dip may be moderately steep in proximity to the Preble 
fault but massiveness of the sandstone near the fault makes bedding 
orientations unreliable and difficult to obtain. The stratigraphic 
position within the Hornby Channel Formation of the sandstones on Ped 
Peninsula is uncertain but the lower few nundred feet of the formation 
are probably not represented. 

Generally adjacent to and extending as much as several hundred feet 
from the overburden covered Preble fault, the sandstone shows a»Dundant 
evidence of strong cataclastic deformation. This belt contains numerous 
large lenses of mylonite, cataclasite and breccia attaining meximum 
dimensions of 1400 x 150 feet. In addition to these lensoid bodies, 
well defined mylonite bands up to a couple of feet thick are commonly. 
present. These lenses and bands are oriented parallel and subparallel 
to the Preble fault. The cataclastic rocks are variable in color and 
are commonly pyritic and chloritic. 

The immediate area of zone 10 is included in the belt of cataclastically 
deformed rocks and is the only area within the belt which was examined 
closely. A thick band of mylonitic rock is present between zone 10 and 
the Preble fault while the immediate area of zone 10 is transacted by 
mylonite bands which are near parallel to the Preble fault. Three lenses 
of chloritic, cataclastic breccia occur in the zone 10 area as well as two 
lenses of brecciated sandstone in which abundant aphanitic pink veining 
may be albitic or cataclastic. The largest of these lenses is 170 by 


30 feet and all five lenses occur together within an area of 300 by 60 
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feet. The long axis of this area as well as the long axes of the indivi- 
dual lenses subparallel the Preble fault. 

The immediate area of zone 9 is underlain by flat-lying, nearly 
undisturbed sandstone and conglomeratic sandstone typical of the Homby 
Channel Formation. Quartz veins and occasional thin mylonitic shears 
transect the sandstone with a preferred northeast strike. Locally the 
sandstone is silicified adjacent such shears. 

The strike of steeply dipping joints measured on zone 9 define two 
orthogonal sets. Joints of the most prominent set strike between 30° 
and 50° whereas joints of the less prominent set strike between 120° and 
140°. Two, orthogonal, steeply dipping joint sets defined on zone 10 
are Similar put azimutns of strike are somewhat greater at 40° to Hee 
and 150° to 165°. As the strike of the Preble fault is 50°, the two 
joint sets of zones 9 and 10 are sub-parallel and sub-normal to the Preble 
fault. As the strike of the mylonite bands parallels the northeast 
striking joints and quartz veins it seems reasonable to infer that the 
northeast striking joints originated as shear joints cogenetic with the 
Preble fault. The second joint set has an orientation inconsistent 
with either conjugate shears or tensional joints related to dextral 
shear on the Preble fault and was probably generated by an unrelated 
stress field. This set was most likely formed at the time of the younger 
northwest striking sinstral faults which they parallel. 

The major deformational features found adjacent the Preble fault on 
Ped Peninsula appear to have been generated by cataclastic deformation 
during transcurrent movement along the Preble fault. This style of 
deformation is inconsistent with the later normal movements of the 


McDonald system faults. An overburden covered, linear, topographic 
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low just south of the erosionally resistant, cataclastically deformed’ 
rocks described above likely coincides with the plane of normal movement 
which transected or paralleled the older zone of deformation produced 
by continued transcurrent movement. 

No diatreme pipes similar to those of the Simpson Islands fault 
system were found on Ped Peninsula although Reinhardt (1972) described 
such breccias further southwest along the Preble fault system. Perhaps 
the brecciated sandstone lenses with pink aphanite veining described for 
zone 10 represent an incipient stage of breccia pipe formation. Near 
the northeast end of Ped Peninsula an assistant located a small stock of 
reddish aphanite about 500 feet from the Preble fault. A hand sample of 
this rock closely resembled the bostonite of the base line 2 area 
except that it lacked a megascopicaliy visible trachoidal texture. 
Similar, possibly igenous, rocks were described by Reinhardt (1972) 


to the southwest associated with breccias. 
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CHAPTER IV 
STRATIGRAPHY OF THE HORNBY CHANNEL FORMATION 
Introduction 

The Hornby Channel Formation is found throughout the south side of 
the East Arm of Great Slave Lake. This basal formation of the Great Slave 
Supergroup unconformably overlies Archean plutonic and high grade 
metamorphic rocks and the Lower Aphebian Wilson Island Group. Hoffman 
(1968) concluded that the Hornby Channel Formation exposed ne Union 
Island unconformably overlies the Union Island Group but the evidence 
is equivocal. 

Throughout the Hast Arm the Hornby Channel Formation is composed 
almost entirely of coarse and conglomeratic subarkose. This submature 
to mature sandstone is characterized by festoon crossbeds which indicate 
unidirectional sediment transport down the axis of the East Arm from 
northeast to southwest (figure 13). The formation attains its maximum 
thickness at the southwest end of the East Arm, in the thesis area, 
where 3,000 to 5,000 feet are preserved and the top of the formation is 
not exposed. Towards the northeast, the formation thins to 740 feet at 
the type section 75 miles from the thesis area and perhaps 150 feet at 
the northeast end of the East Arm 135 miles from the thesis area (Hoffman,1968). 

The formation becomes finer grained towards the northeast and, in 
the type section at Lac Duhamel, is characterized by thin beds of pebbly, 
coarse sandstone separated by partings of shale and siltstone. Most beds 
in the type section contain festoon ecrossbedding and ripple marked tops 
are common. In contrast, the formation in the thesis area is much more 
extensively conglomeratic, lacks shale and siltstone partings and is almost 
completely festoon crossbedded without continuous bedding planes. 


Hoffman (1968) concluded "the substantial thickness, uniform lithology, 
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Fic.13. Paleocurrent rose diagrams of crossbedding in sandstones of the first depositional stage. H = Hornby 
Channel Formation; D = Duhamel Formation; K = Kluziai Formation; and A = Akaitcho River Formation, 
a4 numeral is ie number of sampling locations; second numeral is the number of measurements. Large rose 

lagra i j 
grams are total from all locations. pyom Hoffman (1968). 


ubiquitous festoon crossbedding, presence of mudcracks, and the texturally 
mature but mineralogically submature nature of the formation indicate a 
non-marine origin. The absence of fining-upward alluvial cycles, the 
abundance of conglomeratic sandstone, the thin lenticular bedding, the 
absence of channel fill deposits and the uniformity of crossbed orientation 
Suggest deposition from braided rather than meandering rivers." 

As pointed out by Hoffman (1969), the Hornoy Channel Formation is 
undoubtedly diachronous and transgressed from southwest to northeast. 
The sands and gravels were largely derived from the Archean crystalline 


rocks of the Slave craton on which they were deposited. 


Base of the Hornby Channel Formation 
Outside the Thesis Area 


The rock types waich comprise the basal beds of the Hornby Channel 
Formation vary from place to place, a fact which has led to erroneous 


conclusions in the literature regarding the geology of the Simpson Islands 


: i * =e i aU i 4 
Area. In the type section at Lac Duhamel, the Archean basement is overlain 
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by 4 feet of conglomerate with a maximum clast size of 0.5 feet. Clasts 
are predominantly quartz with minor feldspar and granite pegmatite. 
Sandstones and conglomeratic sandstones typical of the formation occur 
above the basal conglomerate. 

The only other exposure of the sub-Homby Channel Formation uncon- 
formity reported in the literature occurs on a small island in Inconnu 
Channel, south of Wilson Island. This island, referred to as Contact 
Island in this report, is located about 12 miles west of the northwest 
corner of the thesis area and is shown on map 6. Here, altered granitic 
rock is overlain by 5 feet of medium grained, hematitic, quartz sandstone 
followed by 40 feet of stromatolitic dolomite. Between this dolomite 
unit and the Homby Channel Formation sandstones, 20 feet of section are 
covered by overburden. A detailed description of the Contact Island 
section is included in appendix 1. The dolomite and overlying sandstone 
beds appear conformable and both Hoffman (1968) and Reinhardt (1969p) 


concluded that the dolomite wit comprises the base of the Hornby Channel 


Formation. The writer agrees that this interpretation is probably correct, 


although it is by no means proven. 

Hoffman (1968) and Reinhardt (1969b and Lome) correlated the basal 
dolomite unit on Contact Island with siltstone and dolomite exposed along 
Vestor Channel in the thesis area and thus they both concluded that a unit 
of dolomite and siltstone comprises the basal beds of the Hornby Channel 
Formation in the Simpson Islands area, This conclusion appears erroneous, 
as several examples of Hornby Channel Formation sandstones which directly 
overlie granitic basement rocks have been documented as little as 200 
feet from major exposures of dolomite and siltstone. The siltstone and 
dolomite exposed along Vestor Channel are believed to belong to another 


formation which is possibly younger than the Hornby Channel Formation, 
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as discussed in chapter V. Reinhardt (1972) Similarly considered a unit 
of dolomite, siltstone, quartzite and volcanic rock exposed in a narrow 
fault block along Preble Channel at the southwest corner of the thesis 
area to comprise the basal beds of the Hornby Channel Formation. This 
is considered unlikely and the rocks in question are thought to probably 


belong to the Wilson Island Group, as discussed in chapter 3. 


Sub-Hornby Channel Formation Unconformity 
in the Thesis Area 


The unconformity which separates the Archean basement from the over- 
lying Hornby Channel Formation on South Simpson Island is the largest 
section of the unconformity preserved in the pa Hast Arm. It cannot 
be seen to outcrop anywhere on South Simpson Island due to its erosionally 
recessive character. Smali sections of the unconformity are exposed 
between faults of the Simpson Islands system along the northwest side 
of the main Hormby Channel Formation outcrop area. Four known exposures 
in the thesis area are listed below: 

1) West end of base line 2 (map 8) 

2) Base line 2, 58+00W, 2+60N (map 8) 
3) West side of Romeo Lake (map 10) 
4) South shore of Sig Bay (map 16) 

In addition to these exposures, the unconformity was intersected in 
drill core on zone 7 (map 8). In all five locations, a basal, silicified, 
fine orthoquartzite overlies extremely altered granitic and gneissic rock 
in which all the mafics and much or all of the feldspar have been replaced 
by pale green sericite (plate 4; eas) On surface, this altered granitic 
and gneissic rock presents an extremely weathered and crumbly aspect which, 
in extreme cases, precludes the removal of a Nand sample intact. North- 


east of Romeo Lake, where the unconformity is assumed but not exposed, 
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the nearest granitic outcrops present a similar character and it is felt 
that the extremely weathered nature of such granitic outcrops can be 

used to indicate proximity to the unconformity. The granitic rock which 
underlies the Homby Channel Formation on Contact Island appears similarly 
altered and weathered. 

Altered granite beneath the unconformity is thought to represent a 
paleoregolith which developed subaerially, immediately prior to deposition 
of the Hornby Channel Formation. In all instances, the paleoregolith 
grades into unaltered granitic rocks within a few tens of feet normal to 
the projection of the overlying unconformity. In many respects, the 
paleoregolith is similar to that underlying the Huronian succession in 
the Elliot Lake Area of Ontario (Roscoe, 1968 and personal observation). 
Granite pebbles in the lower portion of the Hornby Channel Formation 
usually show sericitic alteration similar to that of the paleoregolith. 

It is probable that paleoregolith beneath the unconformity on Soutn 
Simpson Island is responsible for its erosionally recessive character. 

The paleoregolith locally appears sheared due to incompetent behaviour 
during folding of the overlying sandstones. It is probable that during 
this folding the paleoregolith locally acted as a zone of décollement. 

In other places, no significant shearing took place as evidenced by a 
drill core intersection from zone 7 in which paleoregolith with completely 
sericitized feldspar showed intact gneissic foliation at a high angle to 
an abrupt contact with overlying orthoquartzite. Locally some shearing 

of the paleoregolith, has resulted from movement on adjacent faults. 
Silicification of the paleoregolith, in the form of a close network of 
quartz veinlets, was only seen adjacent faults as on the west side of 


Romeo Lake. There, minor pyrite is also associated with the remobilized 


Silica. 
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The sub-Hornby Channel Formation unconformity appears to show 
only small scale irregularities within the thesis area with the exception 
of the area immediately north of the west end of Paddlefish Lake on South 
Simpson Island (map 7). Here the basement outcrop extends in a nose about 
600 feet east of its general northwest trend into the area underlain by 
Hornby Channel Formation. A topographic ridge adout 100 feet high on 
the pre-Hornby Channel Formation erosion surface would be sufficient 
to produce such a deviation in the trend of the unconformity. Such a 
ridge is consistent with the presence of a large northeast trending 
diabase dyke system in the basement in line with the abrupt south side 
of the basement ridge. This diabase dyke system likely predated the 
Hornby Channel Formation and would have existed as a topographic low 


prior to deposition of the overlying sandstones. 


Stratigraphy of the Hornby Channel Formation 
in the Thesis Area 


The stratigraphy of the lower several hundred feet of the Hornby 
Channel Formation is similar throughout the thesis area. The section 
above this lower several hundred tea rather uniform away from major 
northeast striking faults but may be quite variable near such faults. 
Detailed stratigraphic sections are provided in appendix 1. A generalized 
stratigraphic section of the Hornby Channel Formation in the Simpson 


Islands area is described in table 4. 
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Table 4: Generalized stratigraphic Section, Hornby Channel Formation, 


nit lit 


approx. 
2500 to 
4500 feet 
thick 


Unit 11 


approx. 
500 to 
800 feet 
thick 


Uait 1 


variable 
thickness 
eu COL tb. 


0" to 40? 
feet thick 


Simpson Islands Area 


Strongly (silica and sericite) cemented sandstone to 

conglomeratic sandstone: white to buff, medium to 

very coarse with trace to 30% granules and pebbles, 
poorly sorted, abundant festoon cross—beds, common 

black hematite rich heavy mineral laminations, 5 to 
15% feldspar, oligomictic gravel fraction composed 

of quartz and quartzite clasts, characterized by rapid 
vertical and lateral grain size variations on an out- 

erop scale. 


very gradational contact 


sericite cemented, slightly conglomeratic sandstone: 
buff to brown, moderate strength of cement allows a 
sandpaper-like weathering surface, generally lacks 
visible crossbedding, massive, 10 - 30% feldspar, 
lacks hematite laminations, contains common granitic 
and other lithic clasts towards base, generally shows | 
bimodal sorting with less than several percent pebbles 
in very coarse to medium, moderately sorted matrix. 
Locally, especially towards the base, polymictic con- | 
glomeratic and conglomerate lenses may be present, 
granitic debris is mostly highly altered and difficult 
to distinguish except in drill core. 


sharp contact 


Fine, well sorted, silicified orthoquartzite: white to 
pale reddish due to hematite stain, well rounded grains, 
very strongly cemented, massive to rarely thin bedded 
with ripple marks, no hematite laminations. 


Sharp <contect = Unicon lon Gy a 


Highly altered, pale green granitic, paleoregolith. 
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The descriptions given in table 4 are very generalized and express 
the common range in lithologic parameters. At any given spot the rock may 
differ considerably from the above description but overall the units are 
recognizable by the given features. 

The succession of the above three sandstone units over basement 
has been recognized on both base lines, Sig Peninsula, the south side 
of the west end of Vestor Channel, the northwest corner of sandstone on 
south Simpson Island and both north and south of Paddlefish Lake. In 
addition to these established basal sections it is likely that much of the 
sandstone between zone 5 and the basement to the north belongs to the 
sericite cemented unit 11 as well as the sandstone immediately south 
of the Simpson Islands fault on base line 1 southwest of zone 5 where the fault 
meets Great Slave Lake. The basal orthoquartzite (unit 1) may be re- 


presented north of Cliffed Straits. 


Depositional Environment 

The basal fine grained orthoquartzite (unit 1 of table 4) reflects 
a different depositional environment than the overlying conglomeratic 
sandstones which regionally characterize the Hornby Channel Formation. 
The characteristics and field relations of the basal sandstone can be 
accounted for in the context of an aeolian origin. The underlying 
paleoregolith and overlying braided stream deposits both indicate a 
subaerial environment. The preservation of easily eroded regolith 
beneath the unit and absence of granitic debris in the orthoquartzi%e 
indicate a lack of scouring at the base of the orthoquartzite. The good 
sorting and fine grain size characteristic of the unit as well as the 
occasional assymetric ripple marks are consistent with dune sands. The 


highly variable thickness of the unit (0 to 60 ft.) and the occurrence of 
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occasional lenses of fine orthoquartzite isolated within the immediately 
overlying conglomeratic sandstone (e.g. base line 2, 68+O00W, 2+40N, 

map 8) are also consistent with aeolian dunes. Hoffman et al (1970) 
reported the occurrence of aeolian sands in the Odjick Formation at the 
base of the Epworth Group, a formation which they correlated with the 
Hornby Channel Formation. 

The conglomeratic sandstones of unit 11 and 111 in the general 
stratigraphic section (table A), were most likely deposited by braided 
streams as proposed by Hoffman (1968) for the reasons previously quoted. 
Unit 11 is less mature than unit lll. The clastic material of unit 11 
was deposited close to its source as evidenced by its altered granitic 
component derived from the paleoregolith below the unconformity. Where 
this regolith was protected by the basal orthoquartzite in the Simpson 
Islands area or the basal dolomite on Contact Island it was preserved. 
Where unit 11 lies directly on the basement one would expect the. regolith 
to have been partially or completely eroded as in the type section at 
Lac Duhamel where polymictic conglomerate directly overlies basement. 
Local lenses of polymictic conglomerate containing granitic clasts are 
present near the base of unit 11 in several places in the thesis area 
as well as on Contact Island. The proportion of granitic debris in unit 
11 decreases upward indicating increasing distance from source as the 
thin edge of the fluvial sandstone prism migrated northeast. The abundant 
sericite cement characteristic of unit 11 is most likely derived in 
part from the altered feldspathic components of the regolith as well as 
from post-depositional alteration of the more sconce clastic feldspar 
associated with the granitic clasts. The very gradational contact between 
unit 11 aad vnit 111 corresponds in part to a decrease in the amount of 


sericite cement and feldspar, and a corresponding increase in silica cement 
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in the more mature sandstones of unit 111. 

Another characteristic of unit 111 consistent with its greater 
maturity is the presence of ubiquitous hematite-rich heavy mineral 
laminae which commonly define foresets in the extensively cross- 
bedded sandstones. Individual black hematite laminae range up to 1 
em thick and usually a number of associated bands are interlaminated 
with quartzo-feldspathic bands of similar or greater thickness. Ina 
Single occurrence hematite laminae may comprise up to 50% of the sandstone 
for a thickness of up to one foot (plate 1b). The hematite laminae are 
composed mostly of very fine to fine, well rounded and well sorted 
hematite grains with high sphericity (plate 9h). The grain size of 
the intercalated quartzo-feldspathic laminae and any quartz or feldspar 
grains within the hematite laminae is much larger than the associated 
hematite grains. The auartz and feldspar grains are less well sorted. 
The hematite bands contain up to several percent partially metamict 
zircon (x-ray diffraction analysis of heavy mineral separates) and 
occasional grains of monazite. Consequently these hematite laminae 
are moderately to strongly radioactive, an aspect which will be discussed 
in chapter Vl. It is concluded that the hematite laminae were originally 
magnetite microplacers rich in thorium-bearing detrital minerals and with 
a fine grain size reflecting hydraulic equivalence with associated quartz 
and feldspar grains. Oxidation of original magnetite could have been 
the result of diagenetic or ground water processes or prehnite-pumpellyite- 
quartz facies burial metamorphisn. 

Unit 111 of the generalized stratigraphic section is also characterized 
by ubiquitous festoon crossbeds which indicate a uniform current 
@irection from the northeast. Scour gravel occasionally occurs at the 
base of some cross-sets (plate la). Cross-sets vary in size from a few 


inches to several tens of feet across; the latter suggest dune bottom 
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forms indicative of water velocity in the upper part of the lower flow 
regime. No evidence was seen of upper flow regime depositional structures 
but this may reflect only an inability to detect them due to a lack of 
bedding plane fissility and the difficulty of tracing bedding on the scale 
of antidunes over the lichen covered outcrops. Due to the extensive 
crossbedding and abundant scour surfaces, bedding laminations defined 

by grain size variations are laterally very discontinuous. 

With respect to recognizable bedding planes units 11 and 111 are 
massive to thick bedded (a few feet thick). Bedding planes are generally 
much more readily recognizable away from major northeast striking faults. 
sandstones within about 1000 feet of major northeast striking faults 
generally appear more strongly indurated. The apparent massiveness of 
fault-proximal saadstones is likely due to silicification as discussed in 
chapter V. The greater induration of the sandstones close to faults has 
made bedding orientations very difficult to recognize in most of the 
areas included within the two base line maps. Most of the recorded 
bedding attitudes are based on extremely local features such as grain 
size laminations, hematite laminations and scour surfaces and thus may 
be biased by depositional inclination. Unit L on base line 1 (map 10) 
is an example of a map unit with well defined contacts within which 
measured bedding attitudes appear to systematically deviate from the true 
strike as a result of primary inclination of cross-sets. 

The base line 1 map area is an example of an area adjacent major 
northeast striking faults in which the stratigraphy of the Hornby Channel 
Formation, above about 600 feet from the base, differs considerably 
from the general stratigraphic section described in table 4. The unusual 
rock types present in the base line 1 map area have been described and their 


stratigraphic relationships discussed in chapter lll. Generally. the 
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unusual rock types in this area comprise fine grained, commonly micaceous 
and hematitic sandstones, minor sedimentary dolomite and sandstones rich 
in volcanic detritus. Unusual rock types the same as or similar to some 
of those present in the base line 1 area have been seen in other places 
in the Simpson Islands area but only adjacent major northeast striking 
faults. 

Soft sediment deformation features are common in the Hormby Channel 
Formation sandstones along the Simpson Islands and Channel faults but 
are rare or absent away from major northeast striking faults. The most 
common penecontemporaneous deformation features are chaotically disrupted 
hematite laminae (plate LS b, a) and areas of irregularily mixed sandstones 
of contrasting beget size (plate 15 ed). The largest such area of 
disrupted and mixed sandstone types has been described as unit T in the 
base line 1 map area and is considered a probable slump structure. The 
presence along major northeast striking faults of unusual fine grained 
sandstones and minor dolomite combined with soft sediment deformation 
features suggests that the McDonald fault system was active during 
deposition of the Hornby Channel Formation. The facies variations 
along the faults are indicative of fault controlled topographic depressions 
consistent with transcurrent, not normal movement. 

The localized occurrences of volcaniclastic sandstones mapped in the 
Hornby Channel Formation near the Channel fault and Simpson Islands fault 
comprise the first reported evidence of volcanic activity during deposition 
of the lower part of the Hornby Channel Formation. An occurrence of 
volcaniclastic sandstone within the Hornby Channel Formation was mapped 
by the writer on a small island in Inconnu Channel about 8 miles north- 
west of the northwest corner of the thesis area. This volcanic sandstone 


is quite similar to that mapped as unit N on base line 1 (map 10) and, 
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like the base line 1 occurrence, lies adjacent a major northeast striking 
fault of the McDonald system. 

Bedrock trenches and diamond drill holes on zone 5, base line 1 
(map 10) and zones 2 and 7, base line 2 (map 8) revealed the presence 
of minor amounts of pale green mudstone which occurs both as occasional 
lenses and as thumbnail-sized chips in the conglomeratic sandstones of 
Stratigraphic units 11 and 111 of the Hornby Channel Formation. A 
Similar thin bed of dolomitic sericite is exposed on the north side 
of Con Peninsula (map 7,5. south of the west end of base line Pe Thais 
pale green mudstone is ponents of sericite (muscovite Or TLLite by, 
X.R.D. analysis) which contains extremely fine disseminated impurities 
which appear to be mostly iron oxide. A relict spherulitic texture 
was evident in two thin sections of this rock type from zone 5 (plate Ah). 
Petrographically the mudstone appears very similar to sericitized 
volcanic fragments from map unit M and the sericitic margin of map unit 
Newboth on. base line. 1 (plate 4g). This similarity together with an 
absence of detrital quartz and feldspar in the sericite lenses suggests 
that they represent locally preserved lenses of altered air-fall tuff. 


Such sericitic mudstone was not seen in sandstone away from the Simpson 


Islands fault system with the possible exception of one occurrence reported 


just south of Bun Lake (map 7). The largest of the pale green mudstone 
lenses was exposed by trenching on zone 5 where a 10 foot thickness is 
indicated; however, in this area the lenses appear tectonically squeezed 
and are not necessarily parallel bedding. The presence of localized 
lenses and chips of sericite altered tuff in the Hornby Channel Formation 
suggests that some of the sericite cement in the normal sandstones may 
represent reworked altered tuff. This is especially likely in the case 


of map unit M, base iine l. 
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It is reasonable to assume that the sporadic minor volcanism which 
occurred during deposition of the Hornby Channel Formation in the 
Simpson Islands area was localized along major faults of the McDonald 
system. Hoffman (1968) reported the occurrence of an 8 foot thick 
bed of waterlain tuff very near the top of the Hornby Channel Formation 
in the type section at Lac Duhamel. In comparison to the volcanic 
material in the thesis area, this tuff bed is much younger considering 
its higner stratigraphic level and the diachronous nature of the Hormby 


Channel Formation. 


Conclusions 

The Hornby Channel Formation is a regionally extensive unit of sub- 
mature to mature sandstone and conglomeratic sandstone. This formation 
lies at the base of the Great Slave Supergroup and unconformably overlies 
Archean granitic and high grade metamorphic rocks or Lower Aphebian 
Sedimentary and volcanic rocks. The Hornby Channel Formation was 
deposited after development of a subaerial regolith on the underlying 
granitic basement. The formation is diachronous, transgressed from 
southwest to northeast and was deposited from braided streams flowing 
southwest down the axis of the East Arm. 

On Contact Island, south of Wilson Island, a 40 foot thick unit of 
stromatolitic dolomite appears to lie near the base of the Hornby Channel 
Formation. In the Simpson Islands area the basal unit of the formation 
is composed of fine orthoquartzite of probable aeolian origin which is 
up to 60 feet thick. The dolomite and siltstone exposed along Vestor 
Channel are allochthonous due to faulting and diatreme activity and came 
from a formation other than the Hornby Channel Formation. 


The conglomeratic sandstones which directly overly the basal ortho- 
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quartzite contain altered granitic debris and abundant sericite cement 
reflecting a derivation from nearby granitic basement and paleoregolith. 
With increasing distance from the base of the formation, the character 
of the sandstone reflects increasing distance from the source. Rock 
types which are unusual for the Hornby Channel Formation in the thesis 
area are present along major McDonald system faults. These facies 
variations as well as penecontemporaneous deformation features suggest 
transcurrent movement occurred on the McDonald fault system during 
deposition of the Hornby Channel Formation. 

Sporadic volcanism occurred during deposition of the formation 
and was probably localized along major northeast striking faults. This 
volcanism gave rise to localized volcaniclastic units and minor preserved 
air-fall tuffs. Reworking of volcanic material likely added a tuffaceous 


component to some sandstones. 
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CHAPTER V 
INTRUSIONS, DIATREMES AND ALTERATION 
Albite syenite Dyke 

A large dyke of albite syenite up to 600 feet wide, transects the 
Archean basement rocks along the north margin of the thesis area (map (Ole 
This is a portion of a 16 mile long, east-northeast striking dyke which 
extends from a point 5 miles west-southwest of the thesis area (map 4) 
to a point just north of Cliffed Straits in the thesis area. Segments 
Dretoas dyke are represented on maps 8, 10, 15 and 17. 

The dyke in the thesis area is composed principally of hematite 
stained, weakly antiperthitic albite with perhaps 10 to 20% mafics 
represented by altered pyroxene, hornblende and primary biotite. 

Apatite is a characteristic accessory present in amounts up to a few percent. 
More complete descriptions are provided in chapter 111. The name albite 
Syenite reflects the present petrographic character of the rock but weak 
Ssericitization and epidotization of the plagioclase suggests that it may 
represent an altered syenodiorite. Burwash (personal communication) found 
the dyke to be nepheline normative at one location in the tnesis area. 
Baragar (1962) has described the dyke from its southwest end on Easter 
Island. There the dyke dips 50° southeast and is differentiated across 
strike. A footwall phase contains 30 to 40% Olivine and a few percent 
pigeonite. The main phase contains augite and no olivine but olivine may 
reappear in a narrow hangingwall phase. The proportion of potash feldspar 
to total feldspar increases away from the base whereas biotite comprises 

5 to 10% of the rock throughout. The dyke rock lacks quartz and Baragar 
concluded that it is best classified as a monzonite. 

From a point north of Eagle Bay (map 7) to its northeast extremity, 


the dvke is discontinuous at the present erosion surface with some 
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occurrences being thin dykes and pods as little as a few feet across 
(maps 15 and 16). This discontinuous portion of the dyke is commonly 
melanocratic and strongly dolomitized as are immediate wall rocks. 
Strong carbonate veining and alteration of rocks, particularily diabase, 
between exposed segments of the dyke suggests that the dyke intruded 
close to surface in many places and is probably continuous a short 
distance below the present erosion surface. 

Minor sulphide mineralization is common in the syenite dyke throughout 
its length. Iron sulphides and chalcopyrite typically occur in narrow 
carbonate altered marginal phases of the dyke in the thesis area. At 
the southwest end of the dyke Baragar (1962) has described suo-economic 
occurrences of niccolite, gersdorffite, chalcopyrite, pyrite, pyrrhotite 
and silver disseminated in carbonate altered zones 10 to 15 feet thick 
in both margins of the dyke as well as in quartz-carbonate veins adjacent 
the dyke contacts. Chalcopyrite appears to be more common in the dyke 
near both ends whereas nickel sulphides have been found only in the south- 
west end where they are associated with olivine rich differentiates. The 
several occurrences of copper and iron sulphide mineralization in the area 
of Romeo Lake, Sig Peninsula and Cliffed Straits which have been described 
in chapter 111 are possibly related to the syenite dyke which reached its 
upper level of intrusion in this area. It is noted that some, indeed the 
best, of this mineralization occurs in Hornby Channel Formation sandstones 
(map I) 

The albite syenite dyke appears to have intruded along major northeast 
striking faults of the Simpson Islands fault system. The conformity of 
the dyke to these faults in the thesis area suggests that the faults 
were active prior to dyke intrusion. North of base line 2a major splay 


of the Simpson Islands fault system parallels and obliquely transects the 
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dyke (map qs The dyke shows an apparent dextral offset of two thousand 
to several thousand feet. Immediately northeast of Romeo Lake a segment 
of the dyke parallels and is obliquely truncated by the Channel fault. 
At the point of truncation a giant quartz vein which lies on the fault 
contains fragments of chloritized syenite (map 15). These examples 
indicate that the transcurrent faults which controlled emplacement of 


the dyke remained active after cooling of the dyke. 


Bostonite 

Several small stocks and dyke-like bodies of bostonite occur in the 
base line 2 map area between 16+O0W and 22+00H (map 8). The bostonite 
(plate 4c) aS composed of very fine to fine, trachoidal, hematite stained 
albite which has characteristically been moderately to strongly carbonated 
(dolomite by field identification), variably sericitized and locally 
chloritized. Apatite is a characteristic accessory present in amounts 
up to 10%. Thin section staining revealed no potassium feldspar and 
only trace to minor quartz is present. A more detailed description is 
provided in chapter lll. 

The bostonite definitely intruded sandstones of the Hornby Channel 
Formation. Contacts between sandstone and bostonite are sharp and 
discordant. In one place (base line 2, 1+00B, 2+00N) the sandstone 
intruded by bostonite was extensively brecciated with the separation and 
engulfment of large sandstone blocks in the adjacent bostonite (plate 3b). 

The several separate bodies of bostonite exposed in the base line 2 
area probably are, or were prior to diatreme activity, interconnected 
within several hundred feet of the present erosion surface. The largest 
outerop of this hypabyssal intrusive occurs in the vietnity of 2OFroon, 


5+00S and is several hundred thousand square feet in area. Several small 
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outcrops of bostonite, a few of which may be breccia fragments are 
scattered between this stock and the large dyke-like bostonite body 
centered on 0+00, 2+50N. Similarly, three very small bostonite outcrops 
are scattered between the above mentioned dyke-like bostonite intrusion 

and a bostonite stock on zone 1. 308 feet of drilling on zone 6 

produced three intersections totalling 31 feet of completely sericitized 
and dolomitized bostonite similar to altered marginal phases of bostonite 
encountered in drilling on zones 1 and 4%. These numerous small occurrences 
of bostonite are suggestive of dyke and finger-like intrusions, of bostonite 
above a larger more continuous bostonite body. It appears that part of 
this larger bostonite body was intersected in drill core on zone 3 just 30 
feet below the sandstone outcrop. Here the bostonite differs from 

outcrops in that it is medium—-grained away from the margin (compared to 
fine and very fine in outcrop) and dark greenish grey due to appreciable 
chlorite which is lacking in the red-brown outcrops. This zone 3 drill 
core bostonite contains occasional, equant, albite phenocrysts in the 
trachoidal albite matrix. Such phenocrysts were not seen in surface 
bostonite samples. The subsurface bostonite intrusion underlying zone 3 

is shown in section on figure 7 and its presumed southwestern extension 

is depicted on figure 8. 

The bostonite was extensively brecciated during diatreme activity 
described in the following section of this chapter. This diatreme activity 
resulted in the inclusion of bostonite fragments in some heterogeneous 
breccia types as well as areas of bostonite breccia composed of angular 
bostonite fragments in a matrix of microcrystalline albite (plate 3c). 

This matrix likely represents recrystallized comminuted bostonite. 
Examination of thin sections revealed that some brecciated bostonite has 


been included in areas mapped as massive bostonite. 
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The dolomitization characteristic of the bostonite appears to be 
an early alteration which predated brecciation of the bostonite by diatreme 
activity. Some outcrops of bostonite are characterized by a close 
network of coarse crystalline white dolomite veinlets (plate 3a). 
Fragments of bostonite in adjacent heterolithic breccias on zone 1 
commonly contain the same network of dolomite veinlets whereas associated 
fragments of sandstone are not veined. Perhaps the fracturing and 
veining of the bostonite in such outcrops was related to the cooling of 
the intrusive accompanied by autometasomatism. Locally sandstone adjacent 
bostonite has been dolomitized, notably just north of zone 3. 

The mineralogical similarity of the bostonite and the albite syenite 
dyke, namely a preponderance of albite, paucity of quartz and unusual 
abundance of apatite, suggests that these intrusions may be genetically 
related. The textural difference between them suggests that the bostonite 
was intruded in a hypabyssal environment in contrast to a plutonic 
environment for the albite syenite. The depth of intrusion of the albite 
syentite dyke is limited as it postdated the Hornby Channel Formation 
and predated the dioritic intrusions in the upper Great Slave Supergroup 
indicating a maximum depth of about 30,000 feet... Tithe se72m.7. Rb-Sr 
isotopic age of the Seton Formation volcanics determined by Baadsgaard 
etal. (1973) reflects time of eruption and if the 2170 m.y. and 2200 m.y. 
K-Ar isotopic ages of the dyke (Baragar, 1963; Burwash and Baadsgaard, 1962) 
are approximately correct, then the depth of intrusion was less than 
approximately 10,000 feet. Assuming the bostonite was intruded nearer 
surface than the dyke, the bostonite must be either older than the dyke 
or younger than the unconformity at the base of the Et-then Group. 


Diatreme activity postdated intrusion of both the bostonite and the albite 


Syenite dyke. 
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Diatremes 

A series of complex and highly variable breccia bodies occur along the 
Simpson Islands fault system. These breccias constitute a system of 
both isolated and interconnected diatremes which discordantly transect 
both the Hornby Channel Formation and the underlying Archean basement. 

In addition to fragments of Hornby Channel Formation and granitic basement 
rocks, the breccias within the diatremes include fragments and very large 
allocthonous blocks of apparently unmetamorphosed sediments of uncertain 
stratigraphic position. Known occurrences of diatreme breccias are 
scattered along the Simpson Islands fault system over a strike length 

of 19 miles, 16 miles of which lie within the thesis area and include 

all but one of the diatreme occurrences known on the Simpson Islands 

fault system. 

Several bodies of similar exotic breccia occur scattered along Inconnu 
Channel located five miles northwest of the thesis area. These occurrences 
lie along major faults of the Wilson Island fault system over a strike 
length of nine miles. Reinhardt (1972) reported occurrences of similar 
exotic breccias along eight miles of the Preble fault system extending 
southwest from the southwest comer of the thesis area. Although exotic 
breccias as described by Reinhardt undoubtedly do occur along the Preble 
fault system, mapping by the writer indicates that rocks mapped by Reinhardt 
as exotic breccia of Hornby Channel Formation in the southwest corner of 
the thesis area are in fact thightly folded strata which probably belong 
to the Wilson Island Group (map ve Both the regional and local distribution 
of bodies of exotic breccia leave little doubt that their emplacement was 
Spatially controlled by major northeast striking faults of the McDonald 
System. 


The diatremes within the thesis area are composed of a complex assemblage 
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of breccia types as described in detail in chapter 111. Many of these 
breccias are widely variable and grade into associated breccia types. 
The most extensive and most complex zone of diatreme activity which 
occurred on the Simpson Islands fault system appears to have centered on 
base line 2 between 16+O00W and 22+00E (map 8). The only ie intrusions 
of bostonite on the Simpson Islands fault system are intimately associated 
with the complex system of diatreme breccias within this area. This 
association indicates a genetic relationship between the bostonite and 
diatremes even though brecciation postdated cooling of the bostonite. 
Within the thesis area, breccia bodies exhibit geometries which include 
irregular zones, elongate linear zones, well defined narrow dykes which 
may bifrucate and pipe-like bodies. Within the base line 2 map area two 
linear geometric trends are evident in the distribution of breccia. The 
first order or larger scale trend is east-northeast parallel to the Channel 
fault which appears to have been a primary factor controlling the distribution 
of breccias along Vestor Channel. The bostonite dyke between zones 2 and 
3 parallels this trend. The secondary or smaller scale trend is west-- 
northwest and appears to represent a fracture direction which influenced 
the form of the intrusive breccia bodies on a more local scale. Many 
breccia dykes parallel this second order trend. 
The diatreme breccias range from breccias composed of fragments of 
only one rock type to heterolithic breccias composed of several rock 
types. Fragments are commonly one to several inches across but range up 
to allocthonous blocks several hundred feet across. Fragments are composed 
principally of sandstone from the Hornby Channel Formation, siltstone and 
dolomite from a formation of uncertain stratigraphic position, granitic 
basement rocks, bostonite, and sediments from a sequence which includes 


brown shale, hematitic micaceous fine sandstone and hematitic pelletoid 
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chert of uncertain stratigraphic position. 

The various breccias, can be divided into four classes (stages) 
reflecting different degrees of intensity of brecciation and transport’ 
and mixing of clasts. Sandstone adjacent to the diatreme bodies has 
usually undergone in situ brecciation and is described as stage 1 
brecciated sandstone. This brecciated sandstone is characterized by 
irregular angular networks of fractures and narrow breccia seams with 
a spacing of a few inches to several feet (plate 2, a and b). Adjacent 
fragments fit together with only minor relative disorientation and no 
evidence of Significant relative displacement. Fractures are filled with 
albitized, comminuted, quartzo-feldspathic rock material (plate 5a), 
secondary quartz or secondary dolomite. The zones of stage 1 breccia 
adjacent diatremes range from less than a foot wide to areas a few hundred 
feet across. Some of the more extensive areas of stage 1 breccia in the 
base line 2 area are possibly underlain by other breccia types. 

Rocks described as stage 2 breccia have been shattered into distinct 
angular fragments generally less than several feet across (plate 2c). 

The matrix generally comprises 10% to 30% of the rock and is composed of 
albitized and locally carbonated comminuted quartzo-feldspathic rock material 
with secondary quartz cement only locally important. Stage 2 breccias 

are characteristically composed of fragments of only one rock type. Stage 

2 sandstone breccias are most abundant but stage 2 breccias of bostonite, 
siltstone and dolomite are also present. Lack of fit, disorientation of 
bedding and variations in appearence of adjacent fragments indicate some 
differential transport and mixing of fragments but uniformity of fragment 
rock type indicates that mixing of clasts was limited and transport of clasts 
was probably local. A gradational transition zone of stage 1 brecciated 


sandstone always separates massive sandstone from stage 2 sandstone breccia. 
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Stage 2 breccias commonly grade into adjacent stage 3 breccias. 

Stage 3 breccias are heterolithic and exhibit a wide range of textures 
but most are angular and poorly sorted to unsorted (plate 2; 4, e, f, g, h). 
locally fragments may show evidence of rounding. Fragments vary from 
microscopic to distinct blocks 200 feet across. Larger blocks up to 
several hundred feet across are present within areas of stage 3 breccia 
or margined by narrow zones of stage 3 breccia. The stage 3 breccias have 
been divided into two types based on apparent matrix composition. In 
siltstone-rich stage 3 breccias much of the dark grey to black siltstone 
appears aS apparent matrix between the more competant and lighter colored 
rock fragments. Close examination indicates that much and probably 
most of this apparent matrix is actually composed of fragments of siltstone 
which have been compacted together and deformed so as to loose their 
distinctiveness as fragments. Refer to map unit R, base line 2 fora 
more detailed description of stage 3 breccia with apparent siltstone 
matrix. 

The second variety of stage 3 breccia is much more siltstone-poor and 
contains a significant amount of altered comminuted, quartzo-feldspathic 
rock material as matrix in addition to some apparent matrix siltstone. 

The comminuted matrix has been extensively recrystallized, albitized and 
dolomitzed. These alterations are minor or absent in the more impermeable 
siltstone matrix breccias. The stage 3 breccias with comminuted matrix 

are described in detail as map unit S, base line 2. Of the two types of 
Stage 3 breccias, granitic basement fragments have been found only in those 
with appreciable comminuted quartzo-feldspathic matrix, a relationship 
which suggests that some of this matrix may be derived from comminuted 
basement rocks. The breccia pipe which occurs north of Cliffed Straits 


(map 16) is an example of such a stage 3 breccia which contains up to 80% 
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granitic clasts mixed with sandstone fragments. In the base line 2 area 
granitic fragments in stage 3 breccias are rare but such fragments large 
enough to be represented individually on map 8 were found at 9+00W, 
2+70S and 29+50W, 6+005S. 

Stage 4 breccias are fine breccias of restricted extent in which 
altered, comminuted rock matrix predominates. Fragments are commonly 
rounded to subrounded and are heterolithic. Two varieties of stage 4 
breccias have been mapped. The first has been termed "breccia dykes with 

albitized comminuted matrix predominant."' This rock is composed of 20 
to 70% fragments of quartz, feldspar, sandstone, and granitic rock with 
local occurrences of siltstone and dolomite fragments. The very finely 
comminuted matrix (plate 5b) has been extensively recrystallized and 
albitized and somewhat dolomitized and sericitized. It is usually massive 
and commonly exhibits a micro-porphyroblastic texture (plate Fit (Oh AHS we 
Locally preferred orientation of elongate grains defines a flow structure 
(plate 5c). Megascopic clasts range up to a few inches across and are 
subrounded to rounded. This rock type is described in detail as map 
unit 0, base line 2. This breccia in.the base line 2 map area occurs as 
dykes up to a few feet thick which may bifrucate and which are characterized 
by sharp contacts. Many of these dykes were too limited to map but the 
most. prominant are represented in the areas of 4+00H, 6+80N and 2+00E-0+80N. 
This breccia in the base line ] map area (map 10) occurs as a 200 foot 
diameter pipe at 29+00E, 7+00S and as three very small bodies 2 to 5 feet 
across which lie between 35+O0E, 5+50N and 42+O0E, 4+50N. All four of these 
occurrences lie on or adjacent to a major fault of the Simpson Islands 
System. 

The second variety of stage 4 breccia has been termed "dolomitized, 


banded microbreccia."" It is a very finely banded breccia composed of 20 
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to 50% angular to subrounded fragments less than 1 cm across. The fragments 
comprise sandstone, siltstone, dolomite, bostonite, quartz and feldspar. 

The finely comminuted matrix has been extensively recrystallized, albitized 
and dolomitized. This rock type is described in detail as map unit T, 
base line 2. It occurs as narrow dykes transecting sandstone (plate 3d) 
and as bands which commonly line the irregular contacts between sandstone 
and breccia "pipes" filled with dolomitized, albitized stage 3 breccia with 
siltstone and comminuted matrix (plate ore hy). =the dykes and marginal 
bands of this rock type range from a few inches to a few feet thick. Where 
dykes exceed a few feet in thickness the breccia in the center is massive, 
coarser and is mapped as a stage 3 breccia with comminuted Hagan Banding 
in the banded microbreccia parallels contacts with all their irregularities 
(plate en, f). The banding is continuous over distances of up to several 
feet and is defined by variations in fragment size, fragment composition, 
degree of recrystallization and degree of dolomitization (plate 6g). 
Mapped relationships around the breccia "pipe" centered at 10+00W, 
2+00S on base line 2, suggest that the intrusion of banded microbreccia 
dykes represented an initial stage in the separation of large blocks of 
wall rock into a "pipe" of stage 3 breccia with comminuted matrix. At the 
north end of this "pipe" a 100 x 25 foot block of sandstone adjacent the 
breccia "pipe" has been isolated from the surrounding sandstone by a 
banded microbreccia dyke. This dyke is continuous with a layer of banded 
microbreccia which lines the wall of the breccia "pipe". If this large 
block hed been removed from place and engulfed in the breccia "pipe" 
this isolating dyke would have become a layer of banded microbreccia 
lining the margin of the "pipe". The banded microbreccia dyke which 
parallels the west side of the same breccia "pipe" is separated from the 


transported and mixed stage 3 breccia within the "pipe" by 10 to 50 feet 
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of in situ brecciated sandstone (stage ee The brecciation of the sand- 
stone in this zone appears to have been an initial step in the process of 
expansion of the "pipe". If this sandstone had been further brecciated 
and plucked away as fragments in the "pipe" the banded microbreccia dyke 
would have become a marginal phase of the stage 3 breccia "pipel'. 
Occasional fragments of banded microbreccia occur within stage 3 

breccias with comminuted and siltstone matrix, a fact which attests to 

the early timing of these dykes in the progressive development of the 
breccia pipes. The unusual banded structure eae likely a flow fea- 
ture generated by intrusion of the microbreccia. 

Source of Non-Hornby Channel Formation 
Sedimentary Rocks in Diatremes 
In addition to Hornby Channel Formation sandstone, the diatremes in 

the base line 2 area contain fragments and large blocks from a sequence 

of grey to black siltstone with interbedded dolomite and a sequence of 
brown shale, red micaceous fine sandstone and siltstone and red pelle- 
toid chert. Where these rocks are found as components of stage 3 breccias 
they are intrusive and all contacts are brecciated, discordant and highly 
irregular. Southwest of 15+00W, base line 2, several large outcrops of 
undeformed, but steeply dipping (locally overturned) grey siltstone and 
dolomite are found. In these areas the undeformed siltstone and dolomite 
is nowhere in sedimentary contact with Hornby Channel Formation sandstones. 
The contacts are everywhere marked by zones of breccia and where linear, 
mylonite is commonly found along the edge of the sandstone outcrop. Bed- 
ding orientation is uniform within each exposure of the siltstone-dolomite 
sequence but varies between individual exposures which are separated by 


zones of breccia. These exposures are considered large, disoriented, 
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allochthonous blocks which are commonly tabular parallel bedding and 
which range up to at least 250 x 800 feet in size. It appears that 
faulting, some of which postdated diatreme activity, played a role in 
producing the present distribution of siltstone and dolomite along Vestor 
Channel southwest of 15+O00W, base line 2. 

Map 7 shows the location of a small island at the southwest end of 
Vestor Channel which is underlain by near vertically dipping dark grey 
siltstone with rare thin dolomite lenses comprising a stratigraphic 
thickness of 400 feet. This outcrop plus two other outcrops of siltstone 
and dolomite along Vestor Channel, which are sufficiently dissimilar to 
preclude stratigraphic repetition, indicate the total stratigraphic 
thickness of the succession must exceed 700 feet. A large block of bedded 
brown shale, red micaceous fine sandstone and siltstone and pelletoid 
chert represents a stratigraphic thickness of approximately 100 feet. 

In view of its lithoiogical distinctiveness and substantial stratigraphic 
thickness, the grey siltstone-dolomite succession must belong to a 
formation other than the Hornby Channel Formation. 

Did the siltstone-dolomite sequence underlie the Hornby Channel 
Formation? As previously discussed several exposures of the sub-Hornby 
Channel unconformity have been mapped along the Simpson Islands fault 
System. In all cases Hornby Channel Formation sandstone directly overlies 
Archean basement. This relationship was encountered in a drill hole on 
zone 7 only 200 feet from a major outcrop of siltstone-dolomite breccia. 
Although the unconformity across South Simpson Island is not exposed the 
overburden covered zone commonly obscures only a thin stratigraphic 
interval, as little as 10 to 20 feet, thus precluding the existance of 
@ Significant unit of siltstone and dolomite below the basal ortho- 


quartzite of the Hornby Channel Formation on South Simpson Island. 
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If the siltstone-dolomite sequence underlay the Hornby Channel 
Formation it must have been preserved as a near vertically walled, fault 
bounded slice of sediment more than 700 feet thick and as little as 1000 
feet or less wide which was separated from the Hornby Channel Formation 
by an unconformity. Features observed along the Simpson Islands fault 
system north of Union Island suggest that the Union Island Group was 
preserved in down dropped fault slices, However, where the Hornby 
Channel Formation overlies Union Island Group on Union Island, the basal 
Hornby Channel sandstones contain clasts of dolomite from the underlying 
Union Island Group. The Hornby Channel Formation in the thesis area 
does not contain siltstone and dolomite clasts similar to those 
within the diatremes. Instead, granitic debris is common. The rare 
stromatolitic dolomite fragments found in one breccia exposure (plate 1; 
ef) are not from the Union Island Group if, as Hoffman (1968) claims, 
stomatolites did not exist during deposition of the Union Island Cran. 
These considerations suggest that the siltstone and dolomite within the 
diatremes may have been een from above the Hornby Channel Formation. 

The most likely overlying source for the siltstone and dolomite is 
the Duhamel Formation which directly overlay the Hornby Channel Formation. 
Unfortunately exposures of Duhamel Formation are unknown in the south- 
western half of the East Arm with the possible exception of a sequence of 
interbedded dolomite and quartzite exposed on Jackson Island 19 miles west- 
northwest of the thesis area (Hoffman 1968). Hoffman has described the 
Duhamel Formation in the type section 75 miles northeast of the thesis 
area as stromatolitic dolomite with some sandstone interbeds and ripple~ 
laminated brown or green siltstone. Derivation of the siltstone and 
dolomite from above the Hornby Channel Formation is consistent with 


Reynolds (1954) observation that very large blocks in a diatreme can 
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be expected to subside, even through upwardly mobile finer material, due 
to insufficient support in a fluidized system. This argument is, 
however, not compelling as very large blocks which were transported 
upward for great distances have been reported in some diatremes (Snyder 
and Gerdmann, 1965). 

In conclusion one is forced to regard the non-—Homby Channel Formation 
sedimentary rocks within the Simpson Islands diatremes as derived from 


a formation of uncertain stratigraphic position. 


Diatreme Formation 

The Simpson Islands breccias appear to have been produced by the 
forcible eScape of a hydrous gas or a very mobile fluid phase from below 
and perhaps within the Hornby Channel Formation. The formation of the 
breccias involved extensive comminution of rock material which in part 
formed matrix for transported fragments and was in part injected into 
network fractures surrounding breccia "pipes". As described in detail by 
Reynolds (1954), fluidization processes were likeiy involved in the generation 
of comminuted quartzo-feldspathic material and its injection into the 
network fractures of stage 1 and 2 byeeeeeied sandstone as well as the 
injection of stage 4 breccia dykes. Heterogeneity of breccias, occur- 
rences of flow structure in some comminuted material, banding in some 
breccia dykes and rounding of clasts in stage 4 breccias and very locally 
in some stage 3 breccias all provide further evidence that fluidization 
played an important role in the formation of the diatreme system (Lorens, 
McBirney and Williams, 197° ye The extensive fracturing and fragmentation 
of rocks in and around the breccia bodies may have been the result of 


either an initial explosion or hydraulic fracturing (Shoemaker et al., 1962). 
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Perhaps both processes contributed to brecciation. The drusy vein quartz 
and dolomite which fills some fractures in stage 1 breccias provides 

direct evidence that not all fracturing was produced by hydraulic injection 
of fluidized comminuted rock. 

The escaping hydrous phase extensively altered those breccias with 
a Significant, comminuted quartzo-feldspathic cee Alteration consisted 
principally of strong albitization, weak to strong dolomitization and 
weak sericitization and hematization. Alteration preferentially affected 
the comminuted matrix but also affected phenoclasts of different rock 
types to different degrees. The altered comminuted material was variably 
recrystallized as evidenced by patches of more coarsely crystalline 
albite mosaic asiaie Oe a5 b) and porphyroblasts of carbonate, quartz, 
muscovite and albite (plate 6; d to h). Carbonate porphyroblasts which 
always appear paragenetically latest, are euhedral and commoniy zoned 
(plate 6f). Hematite occurs principally as an extremely fine dusting 
which invariably has colored all albite brick red to pink. Minor specular 
hematite occurs as very thin veinlets in breccias and siltstone. Alteration 
is of relatively minor significance in breccias with a very siltstone 
rich matrix. A little secondary albite does occur in such rocks as thin 
pink veinlets which are not magmatic. The extensive alteration of breccias 
with. significant comminuted quartzo-feldspathic matrix was likely promoted 
by the highly chemically reactive conditions between gas and solid phases 
in a fluidized system as discussed by Reynolds (1954). 

Intrusion of magma was not a direct agent of brecciation. Most likely 
the occurrence of bostonite exclusively in association with diatreme 
breccias is no coincidence but the nature of any genetic connection is 
not so clear. As previously discussed bostonite is found only in the base 


line 1 area as several small bodies scattered over an area of approximately 
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4000 feet by 2000 feet coincident with the most heterogeneous and complex 
breccias of the diatreme system. The bostonite has been extensively 
brecciated by diatreme activity and likely all the exposures are projections 
from a single underlying intrusion which was disrupted by the diatremes. 
Nowhere was bostonite seen which intruded breccias but large blocks of 
bostonite and areas of brecciated bostonite occur within diatremes. 

These features indicate that the bostonite represents an irregular 
hypabyssal intrusion exposed very near its top. The trachoidal texture 
indicates it was largely crystalline at the time of emplacement. The 
bostonite cooled, fractured and was extensively dolomitized, partly as 
veins, prior to diatreme activity. Alteration of the bostonite was 
probably autometasomatic as such alteration is a general characteristic 
of bostonite. 

It is tempting to speculate that diatreme activity was the result of 
violent degassing of unéerlying volatile rich bostonite magma with the 
hydrothermal phase becoming a carrier of albite and carbonate into the 
diatreme system where it produced widespread metasomatism. Such violent 
degassing could have been the result of sudden decompression of the magma 
induced by hydraulic fracturing to surface (Shoemaker et al. O62 ye 
Because the bostonite intruded the Simpson Islands fault system, such 
decompression also could have resulted from brittle failure and seismic 
strain release on the fault triggered by magma intrusion. This hypothesis 
requires that the presently exposed bostonite was intruded and cooled 
before contimuied or recurrent upwelling of magma farther below induced 
fault movement. This is consistant with our knowledge that the base of 
the diatremes lies somewhere below the top of the bostonite. 

As an alternative hypothesis, diatreme activity could have been 


triggered by thermal expansion of ground water due to bostonite intrusion 
y I 
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(Johnston and Lowell, 1961). Rising magma would be expected to encounter 
a more water rich environment upon intrusion to the level of Proterozoic 
sediments, in particular the Hornby Channel Formation sandstones which 
may have been considerably more porous at the time. Reinhardt (1972) 
favours the thermal expansion hypothesis ide eicttewabidh of the Simpson 
Islands breccias. This hypothesis is weakened by the evidence that the 
diatremes extend into the basement an unknown distance below the 
unconformity. Diatremes filled vivdereelis with fragments of Archean 
basement occur north of Cliffed Straits (map 16) as described in chapter 
lil and three miles southwest of the west end of Vestor Channel as 
described by Reinhardt (wo72)% The latter occurrence is approximately 
three miles southwest of the nearest ah een Sie sediments which are 
Hornby Channel Formation. Assuming the unconformity dips a modest 16? 
northeast it is possible that this diatreme is exposed at an erosional 
level approximately 2700 séceonerey the unconformity. The presence of 
fragments of granitic rock in the base line 2 diatremes confirms that 
they too extend into the basement. 

The development of abnormally high water pressure, (geopressure) 
within rocks along the Simpson Islands fault system may have contributed 
to, or triggered, diatreme activity. Conditions favorable to the develop- 
ment. of geopressured zones would have been attained if the sequence of 
siltstone and dolomite involved in the diatremes was preserved in a nar- 
row fault—-bounded slice below the Hormby Channel Formation. Geopressured 
zones develop in subsiding sedimentary basins due to restricted fluid 
movement in strata which are rapidly buried (Jones, 1969). Geopressured 
little as 5000 feet and are characterized by 


zones can occur at depths as 


, oO 
abnormally high temperatures, commonly in excess of 260°C (Dorfman and 
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Kehle, 1974). Geopressured zones are thermal insulators and are char- 
acterized by abnormally steep thermal gradients (Lewis and Rose, 1969). 
Development of geopressure in a narrow fault block of bedded siltstone 
and dolomite beneath the Hornby Channel Formation could have been pro- 
moted both by rapid burial and by liberation of water from clay minerals 
due to diagenesis and metamorphism (Jones, 1969). Expulsion of water 
into fractures could have generated a geopressured zone which extended 
down into a hydro-system in the crystalline basement rocks along the 
Simpson Islands fault system beneath the fault slice of siltstone and 
dolomite. 

Geopressure alone could have produced hydraulic fracturing or have 
induced fault movement which would have resuited in decompression of the 
zone. Bostonitic magma intruded into or below the geopressured zone 
would have produced a high local heat gradient enhanced by the insulating 
effects of the gone. Heat contributed through a period of time by cool- 
ing of the already crystalline bostonite (largely crystalline at the time 
of intrusion) would have further elevated the temperature of the geopres- 
sured zone and pressure would have increased due to metamorphic liberation 
of water and possibly due to addition of magmatic fluids. Hydraulic frac— 
turing up to surface or permeable overlying strata or fault movement could 
have resulted in explosive decompression of the hydrothermal systen. 
Explosive brecciation could have extended down into the geopressured 
basement as the diatremes propagated downward with the decompression 
front. 

An instructive comparison can be made between the Simpson Islands dia- 


tremes and a series of diatremes located along an Illinois-Missouri—Kansas 


axis described by Snyder and Gerdemann (1965). There eight explosive 
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features are aligned along a 400 mile east-west trending structural zone 
which likely reflects a major fault in the Precambrian basement. Explosive 
gas activity and related magmatism spanned a period from Upper Cambrian 
to early Tertiary time. Diatremes originated in the basement and blocks 
were transported as much as 8000 feet up and 3000 feet down with extensive 
mixing of fragments from both higher and lower in the stratigraphic column. 
Megabreccias, extensively fractured wall rocks and associated breccia 
dykes are described. 
Alteration of Hornby Channel Formation 
Sandstones 

Within the thesis area there appears to be a pronounced increase in 
the degree of induration of Hormby Channel Formation sandstones within a 
couple of thousand feet of major northeast striking faults. The sandstone 
along the Simpson Islands fault system and the Preble fault are more 
erosionally resistaat and form broad northeast trending ridges. The 
sandstone along these ridges appears much more massive with respect 
to bedding planes both on air photographs and in the field. Quartz and 
quartz-albite veins and veinlets are abundant near faults on both the 
north and south sides of the thesis area but are virtually absent away 
from faults in the center of the thesis area south of the Simpson Islands 
fault and north of Preble Channel. On a very local scale, such as areas 
Within the zone 5 geology map area (map 13), the sandstone iS much more 
siliceous, impermeable and indurated within areas with a high density of 
quartz and quartz-albite veins. These veins commonly have gradational 
contacts with adjacent sandstone. 

The most prominent quartz vein set has an east-southeast strike and 
a steep dip consistent with the shear orientation conjugate to the east- 


northeast striking faults during dextral shear. large quartz veins 
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commonly occupy faults of the Simpson Islands system. The largest of 
these is continuous along the plane of the Channel fault for a strike 
length of at least 9000 feet and in two areas this vein attains a thick- 
ness of 100 feet (maps 10 and 15). The sandstone adjacent major faults 
commonly contains a high density of small Quartz veins and stringers. 
These features indicate the Hornby Channel Formation sandstones 
have been silicified in proximity +o major east-northeast striking 
faults. Petrographic examination of sandstones has been largely limited 
to samples from near faults and has revealed abundant evidence of 
Silica remobilization. Quartz overgrowths and contact cement (plate Tg) 
provide evidence of silica deposition in some Samples. Contact solution 
(plate 7f) and stylolites (plate 7h) provide evidence of silica removal 


in other samples. It is probable that silica redistribution in fault 


proximal sandstones was promoted by fault related folding and hydrothermal 


activity. 

Examination of thin sections stained for both potassium feldspar 
and plagioclase has revealed the presence of widespread albitization in 
Sandstones along the Simpson Islands fault system and the Preble fault. 
The secondary albite invariably contains an extremely fine dusting of 
hematite which has colored the feldspar pink to reddish pink. Mos% 
commonly albite has partially or completely replaced detrital potassium 
feldspar (plate 7; a, b). In strongly altered samples the albite also 
forms a secondary cement which has locally replaced some detrital quartz 
(plate (ince d). On a megascopic scale, moderate albitization is 
manifested by pinker detrital feldspar grains and strong albitization 
produces a general reddening of the outcrop. 

The actuel distribution of albitized sandstones cannot be evaluated 


without more extensive petrography but the available data suggests that 
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albitization is especially widespread in and around diatremes, in the base 
line 1 area east of 44+00E and close to the Preble fault on Ped Peninsula. 
In some areas, for example immediately northeast of Romeo Lake (map O5.)% 
sandstone appears albitized adjacent major faults. Albitization within 
diatremes has already been described. In addition to albitization related 
to diatreme activity it seems quite likely that albitization was also 
produced by hydrothermal activity along faults. Albitization in the 

area of the east end of base line 1 may have been the result of hydro- 
thermal alteration above the albite syenite dyke which was intruded a 


Short distance below these outcrops. 


Conclusions 

The Simpson Islands fault system within the thesis area has been the 
locus of albite syenite intrusion, bostonite intrusion, diatreme activity 
and widespread silicification and albitization. These geological events 
are all genetically related to the controlling Simpson Islands fauit sys- 
tem, Although the exact nature of temporal and genetic relationships 
among these events has not been established, it seems likely that such 
@ genetic relationship exists. 

An albite syenite dyke of plutonic aspect was intruded along faults 
of the Simpson Islands system and reached its upper level of intrusion in 
the thesis area. It was intruded after deposition of the Hornby Channel 
Formation and represents the upper end of a 16 mile long differentiated 
dyke of possible alkaline affinity. It was offset by late movements 
of its controlling faults. 

An hypabyssal tostonite stock of complex geometry was intruded into 
the Hormmby Channel Formation within the Simpson Islands fault zone close 
to the petrologically similar albite syenite dyke. It too reached its 


upper level of intrusion at the present erosion surface. The bostonite 
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was associated with strong autometasomatic alteration, principally 
dolomitization, and may have produced albitization of adjacent sandstone. 
The timing of bostonite intrusion relative to intrusion of the albite- 
syenite is not known. 
Violent gas escape from a source within the Archean basement produced 
a complex system of irregular diatreme "pipes" and associated breccia 
dykes. Breccias are highly variable in composition but all are composed 
of a of pre-existing rock. Comminuted rock material is a common 
breccia matrix and has been extensively albitized and carbonated. Diatreme 
development produced extensive fracturing of sandstone wall rocks and probably 
involved fluidization processes and explosive activity. In addition to 
fragments of Homby Channel Formation sandstone, granitic basement and 
bostonite, the diatremes contain fragments and very large blocks from 
at least one sedimentary formation of uncertain stratigraphic position. 
Sandstone along the Simpson Islands fault system was extensively 
Silicified and albitized. Silicification is manifested by stronger 
cementing of sand grains and by quartz veining. Albitization is manifested 
by replacement of detrital potassium feldspar grains and in extreme 
instances by secondary albite cement. Albite also occurs in veins with 
quartz. Silicification appears related to the fault system whereas 


albitization appears related to both diatremes and faults as well as 


possibly to intrusions. 
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CHAPTER VI 


URANIUM MINERALIZATION 


Introduction 

Numerous uranium deposits of several different types occur scattered 
throughout the East Arm of Great Slave Lake. To date none of these have 
been mined. These occurrences include fault-controlled uraninite veins 
in mylonitic rocks, uraninite-bearing veins (some with cobalt-nickel ar- 
senides) which cut granodioritic stocks and their wall rocks, and an un- 
usual monazite~rich occurrence in Duhamel Formation dolomite. Some of 
these deposits have been described by Lang (1952), Lang et al. (1962) ana 
Barnes (1952), In 1970 Vestor Explorations Limited undertook an extended 
prospecting program focussed on arenaceous rocks of the Sosan Group which 
revealed the presence of many uranium occurrences within these strata 
throughout the East Arm. The Company has conducted detailed evaluations, 
including diamond drilling, on several of these occurrences in sandstones 
of the Hornby Channel and Kluziai Formations. Despite the current lack of 
any uranium producers, the many occurrences qualify the East Arm as a 
uraniferous metallogenic province. | 

Although the Simpson Islands uranium deposits occur in a more complex 
geological environment, in many ways they are similar to other occurrences 


in the Sosan Group, particularly those near Snowdrift and Reliance. 


Radioactivity in the Simpson Islands Area 
Prospecting conducted in 1969 and 1970 in the Simpson Islands area 
located 11 radioactive zones and approximately 120 isolated radiometric 
anomalies due to localized uranium enrichment in Hornby Channel Formation 
sandstones. The locations of the radioactive zones are shown on map 17, 


and the isolated anomalies are shown on map 7. In addition to these 
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uranium occurrences, a few hundred radiometric anomalies were located 
which were produced by thorium in zircon rich hematite laminae 

These heavy mineral bands, composed principally of hematized detrital 

magnetite (described in chapter aa) are of no economic significance. 

The most significant zones of uranium mineralization lie within 
the base line 1 and base line 2 map areas and their locations with 
respect to the geology are shwon on maps 8 and 10. Maps 9 and 11 are 
radiometric contour maps of the two base line areas. The zones of 
uranium mineralization within the two base line areas were mapped radio- 
metrically and topographically at 1 inch equals 40 feet based on alidade 
Survey control. The most detailed survey was conduted over zone 5, the 
most encouraging zone. The detailed radiometric contour map of only zone 
5 is included as an example (map 14). Map 13 provides the detailed geology 
of zone 5 for comparative purposes. 

Comparison of radiometric maps with geology maps shows that certain 
rock types in the base line 1 area, not included within uranium mineralized 
zones, are characterized by unusually high background radioactivity. These 
rock types are generally fine grained, hematitic, micaceous sandstones and 
fine to medium grained, pink, feldspathic sandstones. Similar rock types 
elsewhere in the Simpson Islands area are also characterized by high back- 
ground radioactivity. The high background of these rock types is probably 
due to greater primary potassium and thorium contents. Extensive radio- 
metric and chemical assays of samples from bedrock pits and drill core 
indicate that the anomalous radioactivity within the defined zones is 
due to enrichment in uranium with generally negligable amounts of the 
thorium. Map 18 illustrates surface assay values obtained from zone 5 
for comparison to the detailed radiometric contour map of zone 5 (map TAN 


There is no consistent geometric or spatial relationship between 
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radioactive zones and either diatremes or faults. Uranium enriched 
radioactive zones occur in various stratigraphic units right from the 
basal orthoquartzite (zone 7) through to one of the highest stratigraphic 
levels exposed within the two base line areas approximately 1400 feet 
above the basement (zone 5 west). Most radioactive zones exhibit a 
general trend which is conformable to bedding in the host sandstone. 
Smaller scale trends are apparent within some radioactive zones and 
appear to be controlled by local features such as joints and topography. 
Zone 5 is the best example. 

Examination of the zone 5 radiometric map (map 14) reveals two radio- 
metric trends. The first is a very gross parallelism of the zone with 
bedding. The second is an alignment of radiometric highs in an east- 
southeast direction. Figure 14 is a stereographic projection of joint 
and quartz vein attitudes taken across zone 5. There are two very diffuse 
joint sets and one quartz vein set with slightly less scatter. The quartz 
veins, like one set of joints, strike east-southeast to southeast but 
dip less steeply than the joints. It is probable that one of the two is 
related to the smaller scale radiometric trend. It would be more 
reasonable to correlate the southeast striking joint set with the radio- 
metric trend for two reasons. First, individual quartz veins and strongly 
veined areas on zone 5 are not unusually radioactive. Secondly, almost 
all the radioactivity measured in the scintillometer survey derived from 
secondary uranium minerals very near the surface and enrichments of 
secondary uranium minerals commonly coat joints. Hither primary epigenetic 
Mineralization or the redistribution of uranium as secondary minerals would 
have been influenced by permeable joints. In places on zone 5, radiometric 
highs show a good correlation with topographic lows.This may be due to 


topographic lows acting to channel present surface runoff and hence control 
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Figure 14. Stereographic projection of poles to joints 


and quartz..veins, from zone 5. solidegcircles 
are poles to joints, open circles are poles 


to quartz veins. 
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ongoing surficial redistribution of secondary uranium minerals. 


Oxidized Uranium Mineralization 

Uranium mineralization within Hornby Channel Formation sandstones 
in the thesis area can be divided into two types referred 49 as oxidized 
and reduced uranium mineralization. Oxidized mineralization is characterized 
by an absence of pyrite and contains secondary uranium minerals in which 
uranium is hexavalent. Reduced mineralization is pyritic, and contains 
uranium minerals in which uranium is tetravalent. 

The most widespread uranium mineralization in the Simpson Islands area 
comprises secondary uranyl compounds which occur as joint and fracture 
coatings, grain coatings and disseminated interstitial grains in the 
host sandstone. In several occurrences the weathered outcrop surface 
Shows a patchy stain of these yellow, green and rarely orange uranium 
minerals. Most commonly surface uranium stain is absent and secondary 
uranium minerals can only be seen after blasting of the radioactive 
outcrop. The majority of these occurrences are due primarily to fracture 
coatings which commonly are concentrated within several inches of the 
weathered surface. 

The secondary uranium minerals which have been identified by x-ray 
powder diffraction analyses are: soddyite (5U0.,.Si0,+6H,0), cuprosklodowskite 


(Cu0. 2U0 -2510,,.6H,,0) » liebigite (Ca,(U0,)(CO,),.10H,0) and becquerelite 


3 
(700,,.11H,,0?). Other minerals indicated but not confidently identified 
are billietite (Ba. 6U0,,.11H,0) and vandenriesscheite (Pd. 7U0,,.12H,0). 
wy) 
In addition to these, Morton (1974) has reported uranophane (Cal ,0,81 
O,- 7H 0) and compreignacite (K,0.6U0,.11H,0). In very rare occurrences 
2 

j sO .8H_0) coats fractures in association with secondary 

erythrite (co,(A Ws P ) 


uranyl minerals. Oxidized uranium mineralization usually but not always, 
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occurs within or closely associated with localized hematite staining 

which has permiated the sericitic matrix of the host sandstone to produce 

a medium to dark red coloration of the rock. The hematite stained areas 
are patchy in shape, up to several tens of feet across and in many cases 
the long axes of hematized patches are oriented parallel strike. Localized 
hematite staining is commonly not associated with radioactivity. Association 
of radioactivity with hematite staining is strong on zones 1 and 5 but 

only moderate to weak on other zones. A few radioactive bedrock pits 

are devoid of hematite staining. Goethite staining is only common on 

zone 1 where it produces small rusty patches on the outcrop surface 

above non-radioactive pyritic sandstone. Elsehwere in the Simpson Islands 
area, geothite characteristically stains sandstone surrounding occasional 
pyrite occurrences which are not associated with radioactivity. 

The oxidized uranium mineralization is of little economic potential, 
being characteristically low grade. Chemical assay grades greater than 
0.1% Uz0g are uncommon and are usually restricted to grab samples containing 
very localized fracture coatings or enrichments of secondary uranium min- 
erals from very near the weathered surface, It appears unlikely that a 
substantial volume of rock characterized by oxidized mineralization would 
grade more than a few hundredths of a percent Ug0g. Th/U ratios of oxi- 
G@iged mineralization in hematite stained sandstone ranged from 0.13 to 0.5. 
The Th/U ratio of oxidized mineralization in unstained buff to pale green 
sandstone was approximately 0.12 (Morton, 1974). Assay data indicates 
that oxidized mineralization contains erratically variable silver grades 
which range from nil to 3.64 02. Ag/T but which generally do not exceed 
a few tenths of an oynce. Assays indicate gold content is usually nil 


to trace and rarely up to a few hundredths of an ounce per ton, 
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All zones except 7 and 5 owe their radioactivity to oxidized 
mineralization. It is significant that diamond drilling of zones 2, 35 
6 and 5 west indicated that the oxidized mineralization is limited 
almost entirely to the sandstone very near surface. Only on zone 1 
did diamond drilling encounter significant oxidized mineralization 


not associated with reduced uranium away from surface. 


Reduced Uranium Mineralization 

The most economically significant type of mineralization present in 
the Simpson Islands area comprises grey to black, pyritic sandstone 
in which tetravalent uranium occurs in uraninite and coffinite. 
Chalcopyrite, and galena are comnonly present in minor amounts and trace 
cobaltite, arsenopyrite, covellite, hematite, sphalerite and anatase are 
present locally. These minerals are characteristically very fine grained 
end occur interstially in the host sandstone which shows textural evidence 
of replacement of silicates (plate fe) Unecommonly uranium and sulphide 
minerals occur as very thin, usually microscopic, veinlets and in fractures 
transecting quartz pebbles (plate 8). Minor carbonate is the only 
associated gangue mineral. 

Uraninite typically occurs as anheadral grains and interstitial 
networks which have been replaced to varying degrees by coffinite (plate 
pees be, f). The uraninite is inhomogeneous with respect to reflectance. 
The measured reflectances of five separate grains ranged from 18.2% to 
15.0% ( in-air at 546 nanometers). The uraninite cell edge dimension 
was calculated from Osan) measured from x-ray diffractograms in 
comparison to a quartz internal standard. X-ray diffraction powder 


photographs produced diffuse lines indicating a range in cell size. This 


was manifested on diffractograms by a broad skewed ae cig) peak with e mode 
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corresponding to to a=5.47 A. The skewed curve indicated that the cell 
size ranges continuously from this value down to 5.39 i 

Variation in cell size of uraninite is principally the result of 
three factors: variation in rare earth and thorium content, degree of 
disorder of interstitial oxygen atoms and degree of oxidation (Brooker and 
Nuffield, 1952, Berman, 1957 and Frondel, 1958). It is assumed that 
thorium and rare earth contents did not vary appreciably within individual 
primary uraninite grains. The range in cell size of the Simpson Islands 
uraninite is far in excess of the 0.045 A maximum variation which can be 
produced by variations in degree of ordering of interstitial oxygen (Berman, 
1957). It is therefore concluded that the variation in cell size is the 
result of variable oxidation of the uraninite with higher v0, content 
producing smaller unit cell size. This is supported by the variation in 
reflectivity. Progressive oxidation of uraninite produces a decrease in 
reflectivity as described by Ramdohr (1969) who also noted such oxidation 
as an intermediate step in the alteration of uraninite to coffinite by 
weathering processes. 

Coffinite is present in the reduced mineralization as an alteration 
of uraninite. The coffinite typically has replaced uraninite inward from 
grain margins and the contact between coffinite and uraninite is highly 
irregular (plate 93 a, ie) In places uraninite from a single primary 
grain has been replaced so as to leave a series of uraninite remnants within 
secondary coffinite. In some grains replacement has been complete. The 
measured reflectance of grains petrographically identified as coffinite 
ranged from hie to 9.2% (in air at 546 nanometers). Ramdohr (1969) 
has pointed out that coffinite and certain types of oxidized uraninite 
or pitchblende (e.g. nasturan 111) may be petrographically indistinguishable. 


The identification of coffinite has been confirmed by non-quantitative 
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electron microprobe analyses performed by Dr. D. G. W. Smith. These 
analyses indicated that material with the optical properties of coffinite 
contains appreciable amounts of silicon. Electron microprobe x-ray 
photographs presented in plate 10 illustrate the siliceous composition 

of the coffinite compared to uraninite in samples from both the Simpson 
Islands and Reliance areas. Despite the demontrated presence of appreciable 
amounts of coffinitic material in some samples, x-ray diffraction analysis 
of heavy mineral separates failed to detect even the strongest coffinite 
reflections. The secondary coffinite is essentially amorphous. 

Reduced mineralization characteristically contains minor to a few 
percent pyrite as euhedral to anhedral grains disseminated interstitially 
in the host sandstone and as occasional thin films on fractures. Textural 
evidence indicates two generations of pyrite. Most pyrite predates and 
is commonly partially replaced by uraninite which was subsequently altered 
to coffinite (plate Gc). The second generation of pyrite forms thin rims 
around uraninite-coffinite grains (plate 93 8, b) and in places forms thin 
overgrowths on first generation pyrite from which it may be partially 
separated by a thin layer of uraninite-coffinite (plate Qa). The second 
generation pyrite postdated uraninite but predated coffinite. in places 
alteration of uraninite to coffinite has been localized along contacts 
of uraninite with both first and second generation pyrite. 

Minor amounts of galena and chalcopyrite are usually present in the 
reduced mineralization. Some galena occurs as extremely fine grains 
disseminated in grains of uraninite-coffinite and represents exolved radio- 
genic lead. Some galena, which may be primary, occurs as isolated grains 
and composite grains with uraninite and coffinite in which the amount of 
galena may exceed the amount of uranium minerals. Chalcopyrite appears 


to be younger than the first generation pyrite and has in turn been replaced 
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by uraninite. Locally trace covellite occurs as an alteration of 
chalcopyrite. 

Only trace amounts of bladed hematite, subhedral to euhedral arsenopyrite 
(safflorite ?) (plate of) and granular sphalerite occur in reduced mineraliza-— . 
tion. Morton (1974) has identified cobaltite (pre-uraninite ) and anatase. 

The grey to black sandstone which contains reduced uranium mineralization 
generally contains 0.5 to 1.5% Ug0g as indicated by extensive chemical 
assays. Th/U ratios range from 0.05 to 0.07 (Morton, 1974). Silver 
and gold occur erratically in concentrations up to 0.4 02. Neo/T and 
0.64 oz. Au/f. Limited assay data indicate a maximum of 0.3% Cu and nil 
cobalt. Partial chemical analysis of four samples from the Simpson 
Islands area (zone 5) were tabulated by Morton (1974) and are included 
here as table 5. 

Reduced uranium mineralization is only seen after bedrock blasting 
although in one place it came within an inch of the bedrock surface. 

Bedrock blasting has revealed irregular patches of reduced mineralization 
with a Hee stamn dimension of 10 feet. Patches of reduced mineralization 
are best developed on zone 5 but have also been exposed on zone 7 and at 
pit 10 (map 17). A very minor amount was encountered by diamond drill 
holes under zones 1 and 3 where the rare intersections are less than a few 
“inches long. Although drill core intersections of reduced mineralization 
were all less than 10 feet in length, drill holes on zone 5 have enabled 
the interpretation of pipe-like mineralized shoots under pits 4 and 9 
which plunge southeast at ate and FAG: respectively. Such shoots would 
be highly discordant to bedding. The mineralized patches exposed on surface 
similarily show no conformity to bedding. 

Reduced uranium mineralization has been leached back from joints so 


that the grey to black mineralized sandstone is now separated from joint 
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planes by zones of ummineralized buff sandstone a fraction of an inch 

to a few inches wide. Thus some larger patches of reduced mineralization 
have been subdivided into smaller joint controlled patches separated by 
narrow leached bands. These leached bands are neither hematite nor 
limonite stained and the grey to black pyritic sandstone contacts directly 
with buff leached sandstone. 

In contrast to the general case wherein reduced uranium mineralization 
has been leached back from joints and the weathered surface, a few 
examples have been found of very sooty black, very uraniferous mineralized 
sandstone locallized as a thin layer within a fraction of an inch of the 
weathered surface or along a near surface fracture. Such very localized, 
sooty uranium enrichments are usually less than a few inches in diameter 
but in pit 9 on zone 5 such sooty mineralization permeates the sandstone 
adjacent a fracture for a few inches and along the fracture for a foot. 
This material was coffinite rich and contained A. T% U20g5 0.28% CU, O02 50502. 
Ag/T. and 0.20 og. Av/T. This material appears to be the product of 
localized enrichment produced by surface weathering processes possibly 
at the time of alteration of uraninite to coffinite. 

Grey to black, pyritic, uranium mineralized sandstone is always 
associated with oxidized mineralization and local hematite staining. Such 
localized patches of hematite stained sandstone which occur in contact 
with or close to reduced mineralization are best exemplified on zone 5 
as shown on map 13. Comparison of maps 13 and 14 illustrates a correlation 
between surface hematite stain and radioactivity. Despite a general spatial 
association, no consistent geometric relationship between reduced uranium 
Mineralization and hematization can be seen in bedrock trenches or drill 
core. Grey to black mineralized sandstone and red hematized sandstone 


may contact with each other or with buff, pink or pale green sandstone. 
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In drill core hematization does not occur preferentially above or below 
reduced uranium mineralization either geometrically or stratigraphically. 
Patches of reduced uranium mineralization and hematization are commonly 
of similar size and aspect but features suggestive of one having replaced 
the other are not apparent. In many places hematite staining has been 
leached back from some but not all fractures in a manner similar to that 


of the reduced uranium mineralization. 


Nonradioactive Reduced Mineralization 

A limited amount of nonradioactive, dark grey to black, pyritic 
sandstone was found in the areas of zones 1, 2, 3 and 6 as well as at 
pit 2 (map very. This nonradioactive reduced mineralization was seen 
only in bedrock trenches and drill core. ‘Surface weathering of this 
pyritic sandstone on zone 1 has produced limonite staining on the outcrop 
Surface. 

The nonradioactive reduced mineralization is similar to radioactive 
reduced mineralization in that it contains up to a few percent very fine 
pyrite and traces of galena, chalcopyrite, sphalerite and covellite. The 
dark grey to black color appears to be due to the presence of coaly 
carbonaceous material with a refractive index of 1.77 and a reflectance 
of 1-10% (in air at 546 nanometers). This material forms replacive 


interstitial networks in the host sandstone (plate 9g) and may comprise 


up to a few percent of the rock. The carbonaceous material microscopically 


resembles the coffinite present in uraniferous reduced mineralization 
and thus leaves in doubt the question of whether carbonaceous material 


may also be present in the reduced uranium mineralization (compare plate 


9e with 9¢). 


The nonradioactive reduced mineralization shows a consistent geometric 
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relationship to joints and to red hematized sandstone. The pyritic black 
sandstone occurs as narrow bands and small bodies directly controlled 

in size and shape by adjacent joints. Small blocks of sandstone bounded 
by joints contain either a central body of pyritic black sandstone or 

an enclosing layer of pyritic black sandstone with a red hematized 
sandstone core. The layers or bodies of black pyritic sandstone are 
congruent with but separated from the adjacent joints by a zone of buff 
vunmineralized sandstone. Hematite stained sandstone occurs as cores 
within enclosing black pyritic bands as well as patches not enclosed or 
only partially enclosed by black pyritic bands. Some but not all 
hematized sandstone is separated from adjacent joints by zones of buff, 
apparently leached, sandstone. These relationships which are illustrated 
in figure 15, seem to suggest that nonradioactive reduced mineralization 
invaded previously hematized sandstone from adjacent joints along which 
the reducing solutions gained access. Subsequently, oxidizing groundwater 
leached both nonradioactive reduced mineralization and hematite adjacent 
joints similar to the previously described leaching of reduced uranium 
mineralization adjacent to joints. Most red hematized sandstone on 

all zones is not leached adjacent joints and indeed some joints are zones 
of more intense hematization. 

On surface nonradioactive reduced mineralization has been seen only 
in general association with oxidized uranium mineralization but this may 
be due to the fact that it can only be seen after rock trenching and rock 
trenching has only been conducted in areas of anomalous radioactivity. 
Bands of nonradioactive reduced mineralization which separate hematized 
sandstone from buff sandstone have been seen in drill core from holes that 
intersected no radioactivity at all. Zone 7 is the only place in which 


uraniferous reduced mineralization locally shows a poorly developed 
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relationship to hematized sandstone similar to that which is characteristic 
of the nonradioactive reduced mineralization. On zone 7 much of the black 
reduced mineralization is only weakly radioactive and perhaps represents 

a phase of mineralization transitional between the typical highly radio- 
active reduced uranium mineralization which shows no geometric relation- 
ship to hematized sandstone and the nonradioactive reduced mineralization 


which does. 


Relationship Between Oxidized 
and Reduced Mineralization 


The descriptive aspects of the distribution of red hematized sandstone 
and grey to black pyritic sandstone, both of which may or may not 
contain uranium, leave little doubt that oxidation and reduction processes 
played an important role in the formation and evolution of the uranium 
deposits. Unfortunately the observed relationships do not provide arc car 
indication of the sequence of events perhaps due in part to extensive 
postmineralization leaching by near surface groundwater which has left 
only relicts of reduced uranium mineralization and associated hematization. 
The importance of Rare is Pe ic reactions in the genesis of 
sandstone-—type uranium deposits has been well documented in the case of the 
Wyoming and Colorado Plateau type uranium deposits and in this respect 
the Simpson Islands deposits seem analogous. Although in the Simpson 
Islands area one cannot document a specific mechanism such as roll 
formation (Alder, 1964 and Shawe and Granger, 1965) the great degree 
of diversity and even contrast among Wyoming and Colorado Plateau type 


deposits (Fisher, 1970) leaves ample room for such a comparison. Like 
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many of the United States! deposits, the Simpson Islands deposits have likely 


been through a long and complicated history of deposition and modification 
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by oxidation, transportation and redeposition (Gruner, 1956). In 
particular, recent weathering and near surface groundwater processes 

seem to have leached uranium adjacent joints in some areas and in others 
precipited uranium salts on joints adjacent the present weathering surface. 
Thus the current distribution of oxidized uranium mineralization may 

not reflect the original relationship of uranium to hematized and reduced 


sandstones. 


Genesis of Uranium Mineralization 

It is not possible to make a conclusive hypothesis for the genesis of 
the Simpson Islands uranium deposits based on the available evidence. How- 
ever, alternatives can be considered and certain inferences made. The depo- 
sits in their present form are undoubtedly epigenetic and were deposited in 
the host sandstone by some form of aqueous solution. 

The mineralizing solution may have been a hydrothermal phase transported 
from depth along the major faults of the McDonald system or derived from 
the intrusive bostonite or albite syenite magmas. The fact that all radio- 
active zones ave located within a thousand feet of a major fault is 
Suggestive; however, on a more local scale there seems to be no relation- 
ship between faults and mineralized zones. Perhaps the greater degree of 
SilicificasSion and Weeredena permeability near faults has resulted in the 
preservation of uranium deposits or perhaps the greater degree of 
structural deformation has resulted in exposure of deposits near faults. 
The regional extensiveness of uranium deposits in Sosan Group strata 
throughout the East Arm argues against such localized hydrothermal sources. 
This is also the major argument against a genetic relationship between 
diatreme activity and uranium mineralization. Another is the occurrence 


within diatremes of fragments of radioactive sandstone mixed with 
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nonradioactive fragments in nonradioactive matrix. 

It is more likely that the uranium deposits are the result of a 
regionally extensive process which affected Sosan Group rocks throughout 
the East Arm. The prehnite grade burial metamorphism which affected the 
Hornby Channel Formation in the Simpson Islands area created a hydrothermal 
environment in which remobilization and concentration of uranium may 
have taken place. However, metamorphic grade should decrease towards 
the northeast and the stata which host uranium deposits near Reliance 
should be essentially unmetamorphosed due to thinning of the sedimentary 
pile towards the northeast. 

I favor groundwater processes as the most likely agency of uranium 
Iineralizasion. Certainly the effectiveness of such processes in producing 
localized uranium deposits over a regionally extensive area has been 
well documented in the American southwest and the Simpson Islands deposits 
show some of the eazmarks of such processes. The most favorable time for 
such processes to form uranium deposits is during a period of subareal 
weathering and erosion of tilted, sandstone strata, particularily if 
granitic rocks and pyroclastics are exposed nearby. ‘Such conditions were 
met during the period of erosion which preceeded deposition of the Et-then 
Group. A preliminary estimate based on U-Pb isotope studies conducted by 
H. Baadsgaard (Morton, 1974) indicates the time of uranium mineralization 
at Reliance was between 1800 and 1550 m.y. ago. This correlates well 
with Hoffman's (1973) estimate of the age of the sub-Et-then unconformity 
as approximately 1750 m.y. All the sub-Et-then rocks currently exposed 
in the southeast side of the East Arm were very close to the erosion 
surface at that time. Granitic basement rocks of both the Slave and 
Churchill provinces were exposed for those who favor derivation of 


uranium from weathering of granites (Gruner, 1956). Tuffs and volcaniclastic 
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rocks near the base and the top of the Hornby Channel Formation and the 
Seton Formation volcanics were available for those who favor derivation 
of uranium from the alteration of volcanic material (Davis, 1970 and 
Rosholt et al. 1971). Others have suggested that sufficient uranium 
could be leached from arkosic sandstone by groundwater (Melin, 1964). 
Perhaps the ubiquitous heavy mineral bands rich in detrital radioactive 
minerais in the Homby Channel Formation released uranium to groundwater 
during oxidation of detrital magnetite to hematite. 

The hypothesis that the Simpson Islands uranium deposits formed at 
the time of the sub-Et-then unconformity has an ancillary implication of 
interest. Fragments of radioactive sandstone within diatreme breccias 
on zones 1 and 6 indicate uranium mineralization predated diatreme 
activity. if the hypothesis is valid then the diatremes must postdate 
the sub-Bt-then Group unconformity. The only shred of supporting evidence 
for such a young age of diatreme activity comes from map wnit lL, base line 
2. This rock type occurs within diatreme breccias and very much resembles 
conglomerate from the Murkey Formation of the Et-then Group. However, 
Reinhardt (1972) considers this rock type a "pseudoconglomerate" a view 


I don't share but a view which makes the evidence inconclusive. ; 
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GENERAL CONCLUSIONS 

This study documents the geology and uranium deposits within an area 
of Aphebian arenites located on Simpson Islands in the East Arm of Great 
Slave Lake, Northwest Territories. The stratigraphic unit of primary 
interest is the Hornby Channel Formation which comprises the base of the 
Great Slave Supergroup. The Hornby Channel Formation is a thick diachron- 
ous unit composed principally of conglomeratic subarkose, deposited by 
braided streams which flowed southwest down the axis of the Hast Arm. 
Hornby Channel Formation sandstones were deposited directly upon a paleo- 
regolith developed on Archean granitic and high-grade metamorphic basement 
rocks. 

The geological evolution of the East Arm was profoundly influenced 
by the McDonald fault system, one of the world's major faults. This 
essentially dextral transcurrent fault system was active prior to depo- 
Sition of early Aphebian sediments and produced a trough which influenced 
Sedimentation both locally and regionally. local effects on sedimentation 
within the Simpson Islands area include penecontemporaneous deformation 
features and rapid lateral facies err which suggest that fault move- 
ment during deposition of the Hornby Channel Formation was still trans- 
current. At some stage in the evolution of the fault system, a wedge- 
shaped graben, which has been shown to displace the Mohorovicic discon- 
tinuity, developed in the west end of the East Arm. The time of graben 
development is not known but it is thought that the graben was superimposed 
upon pre-existent major splays of the transcurrent McDonald fault system. 
At the end of the Hudsonian orogeny, uplift of the Churchill province was 
accommodated by movement with a major vertical component on the McDonald 
system faults which produced a series of fault slices which step up to 


deeper erosional levels to the south, 
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Volcaniclastic rocks and air fall tuffs which occur locally along the 
Simpson Islands fault system comprise the first reported evidence of vol- 
canic activity during deposition of the lower Hornby Channel Formation. 
Metamorphic mineralogy of one volcaniclastic rock type indicates the Hornby 
Channel Formation in the west end of the East Arm was subjected to prehnite- 
pumpellyite-quartz facies burial metamorphism under approximately 350,000 
feet of Great Slave Supergroup strata. 

A sixteen-mile long differentiated dyke, which is composed of albite- 
syenite in the thesis area, was intruded along faults of the Simpson Islands 
fault system after deposition of the Homby Channel Formation. Two K-Ar 
isotopic dates of this dyke indicate an age of approximately 2185 million 
years. A bostonite stock of complex geometry intruded fe Hornby Channel 
Formation along the Simpsons Island fault system close to the petrologically 
Similar albite syenite dyke. The bostonite is spatially and probably 
genetically related to diatremes which postdate the bostonite. The complex 
system of diatremes which intruded the Hornby Channel Formation along the 
Simpson Islands fault system in the thesis area are representatives of 
widespread diatreme activity which occurred along three major subsystems 
of the McDonald fault system in the west end of the Hast Arm. The diatremes 
in the Simpson Islands area originated in the Archean basement and 
involved sedimentary rocks from at least one formation other than the 
Hornby Channel Formation. The diatreme breccias are highly variable and 
are associated with extensive in situ brecciation of adjacent Hornby 
Channel Formation sandstone which in places was intruded by breccia dykes. 
Development of the diatremes involved explosive activity and fluidization 
processes as well as possibly hydraulic fracturing. The diatremes are 
associated with extensive albitization of comminuted quartzo-feldspathic 


breccia matrix and adjacent sandstone. Sandstones within a couple of 
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thousand feet of the major McDonald system faults show evidence of 
widespread silicification and albitization. 

Uranium deposits in the thesis area occur in sandstones at various 
stratigraphic levels within the Hornby Channel Formation but most occur 
within a thousand feet of a major McDonald system fault. The presveruin 
Mineralization is divided into two types for descriptive purposes. 

Reduced uranium mineralization is characterized by interstitial, very 

fine grained pyrite and uraninite within grey to Pies: sandstone. Ura- 
ninite en in various states of oxidation and has commonly been altered 
to amorphous coffinite. Minor chalcopyrite and galena are commonly present 
as well as traces of cobaltite, arsenopyrite, hematite, anatase and covel-— 


lite. Uranium content commonly ranges from 0.5 to 1.5% U The reduced 


3° 3° 
uranium mineralization is epigenetic, has a patchy distribution, and is 
associated with morphologically similar patches of red hematized sandstone. 
A limited amount of non-radioactive pyritic sandstone which contains car- 
bonaceous material occurs in places and is not directly associated with 
reduced uranium mineralization. Both uraniferous and non-uraniferous 
pyritic sandstones have been leached by groundwater adjacent to joints. 

Oxidized uranium mineralization is characterized by secondary uranyl 
Pais which occur interstitially and coat joints in both red (hematized) 
and buff—coloured sandstones. The concentration of secondary uranyl min- 
erals is commonly higher adjacent the present weathering surface and 
reflects recent redistribution by groundwaters. 

The Simpson Islands uranium deposits may have been formed by ground- 
water processes in a manner analogous to the epigenetic sandstone type 
deposits of Wyoming or the Colorado Plateau. This mineralization may have 


occurred during the erosional hiatus represented by the unconformity at the 
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base of the Et-then Group about 1750 m.y. ago when the Hornby Channel For- 
mation in the Simpson Islands area was exposed to subaerial weathering 


conditions. 


a) 


v) 


e) 


a) 


e) 


f) 


PLATE 1 


Longitudinal section view of a trough cross—bed set which contains 
a lag gravel deposit in its base. Hornby Channel Formation. 


Hematite laminae in Hornby Channel Formation sandstone disrupted by 
soft sediment deformation. The photo covers a 5 ft. width. 


Coarse and fine sandstones of the Hornby Channel Formation showing 
disrupted bedding due to soft sediment deformation. 


Irregularily mixed coarse and fine sandstone and hematite laminae 
due to soft sediment deformation of the Hornby Channel Formation. 


Fragment of stromatolitic dolomite in a stage 3 breccia at the west 
end of base line l. 


Fragment of stromatolitic dolomite in a stage 3 breccia at the west 
end=of base line 1. 
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a) 


b) 


e) 


f) 


g) 


h) 


PLATE 2 
Stage 1 brecciated sandstone of the Hornby Channel Formation. 


Narrow breccia seam transecting stage 1 brecciated sandstone. The 
breccia seam is composed of angular sandstone fragments in a matrix 
of comminuted, quartzo-feldspathic material. From the same outcrop 
as plate 2a. 


Stage 2 sandstone breccia with carbonated, comminuted matrix. 


Stage 3 breccia composed of predominantly sandstone fragments in a 
Siltstone rich matrix. The largest fragments are a few feet across. 


Stage 3 breccia composed of predominantly dolomite and siltstone 
fragments in a siltstone rich matrix. Fragments range up to several 
feet across. 
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Stage 3 breccia composed of dolomite, siltstone, sandstone and bostonite 


clasts. 


Stage 3 breccia composed principally of dolomite and siltstone. 
Maximum fragment size is several inches. 


Stage 3 breccia composed principally of dolomite and siltstone. 
More distant view of same exposure as plate 2g. 


roet tom gaebbsms yatotar be 


Festa olf cer idles oat 2 ae 


ait ected iabea ‘adie bonind. if myer) 
wider » of aiercretyinees cet 
Toxo Cae wee bo oa Ua wh St Ss ‘aa ae 


ee depo : ts 


“pe a Sal Wel 
Hy ards Be hed ork 


ee 


, yoitenal Sates iat wttreaeel 
Lowe 5 ll myer 140s | 


Rice 


‘inclines Gt, eles Ler 


3) ht } 7 4 ie ot a7 
| AAO TIES 2s Nite Ae rofOe: Sig. 
my oe 
i = 7 5 ; 
\ 7 . 
a ae | i 
Yap ore oT ; } = 
" eae : ‘ 
Li *) is | 
a see ( 
ti : 


| 
i 
5 
oe 
i} 
: j 
os 
i if 
q iy 
= ; ‘ 
i . we 
y i? 


a 


s 


165 


aut ¢Nics “ # Al 


Tri 


see otee peeve PARED 


a) 


b) 


¢) 


a) 


e) 


f) 


g) 


h) 


166 


PLATE 3 


Bostonite outcrop showing abundant dolomite filled fractures and a 
minor shear plane. 


Contact between bostonite and Hornby Channel Formation sandstone 
Showing abundant large xenoliths of sandstone in the bostonite. 
The photo covers a 6 foot width. 


Stage 2 bostonite breccia. 


Dolomitized, banded microbreccia dyke which separates unbrecciated 
Hornby Channel sandstone above from stage 1 brecciated sandstone 
below. 


Banded microbreccia dyke showing deviation of banding at a sharp 
irregularity in one side of the dyke. 


Close up of a portion of plate 3e showing banding in the microbreccia 
dyke. 


Margin of a body of dolomitized, albitized, stage 3 breccia with 

siltstone and comminuted matrix. Albitized Hornby Channel Formation 
sandstone is at the left. Stage 3 breccia is on the right. Dolomitized 
banded microbreccia occupies the center. See plate 6g for photomicrograph. 


Close up of plate 3g showing contact between banded microbreccia margin 
and stage 3 breccia interior of the breccia "pipe". 
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PLATE 4 


Photomicrograph of paleoregolith showing partial sericitization of 
armerocline irystal.s Crossed nicois . 


Photomicrograph of highly altered paleoregolith showing quartz and 
microcline grains floating in sericite matrix. Crossed nicols. 


Photomicrograph of bostonite showing trachoidal texture of albite 
laths. Crossed nicols. 


Photomicrograph showing bimodal sorting and angularity of a sample 
from the unit of disrupted and mixed sandstone lithologies (unit T) 
in the base line 1 area. Plane polarized light. 


Photomicrograph of hematitic pelletoid chert from unit I, base line 
2. A portion of a replacive sphere of chalcedony and carbonate 
occupies the lower left. Plane polarized light. 


Photomicrograph of a volcanic clast from the volcanic sandstone of 
unit N, base line 1. The volcanic has been completely altered to 
spherulitic prehnite and chlorite with a little carbonate. Plane 
polorized light. 


Photomicrograph of a volcanic clast from the volcanic sandstone of 
unit N, base line 1. The volcanic has been completely altered to 
sericite with a spherulitic texture. Plane polarized light. 


Photomicrograph of pale green mudstone from a lens within the Hornby 
Channel sandstone at zone 5. A relict spherulitic texture is visible 
in the distribution of sericite and geothite(?). Plane polarized light. 
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PIATE 5 


Contact of a fracture filling in stage one. brecciated sandstone. 
The fracture filling, on the left, is comminuted quartzo-feldspathic 
material. Plane polarized light. 


Photomicrograph of a breccia dyke with albitized comminuted matrix 
predominant. Fragments are predominantly sandstone, quartz, plagioclase 
and microcline. A clast of granitic blastomylonite occupies the right 
sides |Maplunit 0, base Line 2... Plane polarized light. 


Photomicrograph of a breccia dyke with albitized comminuted matrix 
predominant. Orientation of tabular quartz and feldspar clasts and 
muscovite porphyroblasts defines a flow texture in the comminuted 
matrix between porphyroclasts of quartzite and sandstone. Map unit 
Us pace line 2. "Plane polarized ligne. 


Photomicrograph of a breccia with albitized comminuted matrix predominant. 
A radiating aggregate of quartz porphyroblasts occurs in the center 
embedded in dolomitized and albitic, comminuted quartzo-feldspathic 
matrix. Map unit X, base line 1. Crossed nicols. 


Photomicrograph of a breccia dyke with albitized comminuted matrix 
predominant. HEuhedral quartz porphyroblasts (white ) occur in the dirty 
albitic matrix. The larger dark patches are siltstone fragments. 

Map unit 0, base line 2. Plane polarized light. 


Photomicrograph of the matrix of a dolomitzed, albitized, stage 3 
breccia with siltstone and comminuted matrix. A zoned, euhedral, 
secondary quartz crystal is at the center. Map unit S, base line 2. 
Plane polarized light. 


Photomicrograph of the matrix of a breccia dyke with albitized 
comminuted matrix predominant. At center is a diagonal muscovite 
porphyroblast in the dolomitized and albitized matrix. Map unit 0, 
base line 2. lane polarized light. 


Photomicrograph of the matrix of a breccia dyke with albitized 
comminuted matrix predominant. At center is a lath shaped albite 
porphyroblast (almost at extinction) set in a matrix of microcrystalline 
anhedral albite which contains recrystallized quartz, secondary dolomite and 
quartz clasts. Map unit 0, base line 2. Crossed nicols. 
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PLATE 6 


d)Photomicrographs showing microcrystalline mosaic of secondary albite 
between siltstone clasts in a stage 43 breccia from north of cliffed 
straits. <Siltstone clasts are labeled S, wedge shaped high relief 
crystals in the albite cement are carbonate. A is in plane polarized 
light, b with crossed nicols. 


d)Photomicrographs showing the contact zone between a patch of 
completely recrystallized secondary albite on the left and the 
partially recrystallized, albitized, comminuted matrix of a breccia 
dyke on the right. Map unit 5, base line 2. A is in plane polarized 
light, b with crossed nicols. 


Photomicrograph of a partially albitized dolomite clast from a dolomitized, 
banded microbreccia marginal phase of a stage 4% breccia "pipe". 

Random fine laths of albite have extensively replaced the dolomite 

within this clast. Plane polarized light. 


Photomicrograph showing development of eunhedral, secondary quartz and 
carbonate porphyroblasts in the albitized, very fine matrix of a 
dolomitized banded microbreccia. This microbreccia comprised matrix 
for large granitic porphyroclasts in a breccia zone at the contact 
between basement and Union Island Group sediments north of Ref 
Peninsula. Plane polarized light. 


Photomicrograph of a banded microbreccia marginal phase of a stage 5 
breccia "pipe". The fine grained bands are weakly recrystallized 
sericitic, albitic and quartzitic material. The coarse bands contain 
porphyroclasts of dolomite, sandstone and siltstone in a matrix where 
quartz, albite and dolomite have been extensively recrystallized to 
coarser grain size. Same location as plate 3g. Plane polarized light. 


Photomicrograph of a contact between extremely fine, albitized, 
comminuted, quartzo-feldspathic rock (left) and extensively recrystallized 
albitized comminuted rock (right). Recrystallization has imparted a 
coarser secondary texture. From a body of stage 3 breccia, map unit 

Ds base line 2. Crossed nicols. 
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PLATE 7 


Photomicrograph of a partially albitized, detrital orthoclase grain 
in Hornby Channel Formation sandstone. Albite (black) rims a 
nucleus of orthoclase. Crossed nicols. 


Photomicrograph of a partially albitized detrital orthoclase grain 

in sandstone adjacent to a fracture filled with albitized comminuted 
quartzo-feldspathic material. The fracture filling occupies the 

left half, sandstone the right. The large detrital feldspar at center 
is orthoclase where stained dark around the right side and albite 
wnere medium grey on the left and center of the grain. Albitization 
appears to have spread from the fracture filling into the sandstone. 
Plane polarized, light. 


Photomicrograph of an albite veinlet which transects Hornby Channel 
Formation sandstone. Note finer grained albite at edge of veinlet 
and introduction of very fine albite into the matrix of the sandstone 
adjacent the veinlet. Crossed nicols. 


Photomicrograph of albitized sandstone of the Hornby Channel Formation. 
Albite is stained dark grey. It replaced and overgrew detrital 
potassium feldspar grains and in part replaced quartz. Plane polarized 
light. 


Photomicrograph of sericitic alteration of feldspar surrounding 
opaques in a sample of reduced mineralization in Hornby Channel 
sandstone from zone 5. Plane polarized light. 


Photomicrograph of Hornby Channel Formation sandstone showing a quartz 
overgrowth on a detrital quartz grain. Crossed nicols. 


Photomicrograph of a silica cemented Hornby Channel Formation sandstone 
which contains stylolitic sutures due to pressure solution. Plane 
polarized light. 
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PLATE 8 


Autoradiographs of reduced uranium mineralization in conglomeratic 
sandstones. Dark spots indicate the presence of radioactive minerals. 
Note the presence of radioactive minerals in hairline fractures 
transecting quartz clasts as well as in the matrix. Autoradiographs 
of Blind River ore indicate an absence of radioactive minerals in 


fractures that cut quartz clasts (Roscoe, 1969). Scale is 0.85 x 
actual size. 
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PLATE 9 


Photomicrograph of a grain of uraninite partially altered to coffinite. 
Uraninite is light to medium grey, coffinite is black. A thin layer 
of pyrite (white) partially rims the composite grain. Plane polarized 
incident light, oil immersion. 


Photomicrograph of uraninite (light to medium grey) partially altered 
to coffinite (black) with a partial rim of pyrite (white). Plane 
polarized incident light, oil immersion. 


Photomicrograph of pyrite (white ) which has been partially replaced 

by uraninite which in turn has been almost completely altered to 
coffinite. The dashed white line marks the outer boundary of coffinite 
(black) which contains minor relict uraninite (dark grey). Plane 
polarized incident light, oil immersion. 


Photomicrograph of pyrite (white) rimmed by a thin layer of second 
generation pyrite which is separated from the earlier pyrite by a 
thin discontinuous layer of coffinite (black). The dark grey grains 
to the left are uraninite which is partially altered to coffinite. 


Photomicrograph of an irregular interstitial network of coffinite © 
(medium grey) which contains a little relict uraninite (light erey ) 
near the center of the photo. The white grains at upper center and 
right center are patches of lead from the lap. Plane polarized 
incident light, in air. 


Photomicrograph of arsenopyrite or safflorite (white ) associated with 
uraninite (medium to dark grey) which has been partially altered to 
coffinite (very dark grey rims). Plane polarized incident light, in air. 


Photomicrograph of irregular network of carbonaceous material in 
nonradioactive black pyritic sandstone. Only trace pyrite (white) 
is present in the photograph area. Plane polarized incident light, 
atasets tal ar 


Photomicrograph of a zircon rich hematite lamination in sandstone. 
Hematite grains are black, quartz is white, three high relief zoned 
zircon grains occur in a horizontal line across the center of the 
photo. Plane polarized transmitted light. 
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PLATE 10 


Photomicrograph of uraninite (light to medium grey) partially altered 
to coffinite (very dark grey). Carbonate (black) occurs interstitial 
to uranium minerais. Plane polarized incident light, oil immersion. 
Sample from the Reliance area. 


b to e) Electron microprobe x-ray photographs of the same area as in "a" 


f) 


g & 


above. B shows distribution of calcium, c shows distribution of 
uranium, d shows distribution of silicon and e shows distribution 
of iron. 


Photomicrograph of uraninite (light to medium grey) partially altered 
to coffinite (dark grey). Quartz is very dark grey. Plane polarized 
incident light, in air. Sample from zone 5, Simpson Islands area. 


h) Electron microprobe x-ray photographs of the same area us in "f" 
above. G shows distribution of uranium, h shows distribution of 
Silicon. 
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APPENDIX 1 


HORNBY CHANNEL FORMATION 
STRATIGRAPHIC SECTIONS 


Section 1: Basal section of Hornby Channel Formation at the northwest 
side of the Hornby Channel Formation exposure on South 


Simpson Island. 


Rock Unit Description ia ess a ee 

: Unit 
Feldspathic, slightly conglomeratic sandstone: 42+ 
buff to brownish to red hematized, medium to 
coarse and fairly well sorted with 5% pebbles 
and cobbles of quartz, quartzite, granite, 
siltstone and green shale, sericite cement, 
sandpaper weathered surface, thin to medium 
bedded, no hematite laminations, occasional 
hematite cemented nodules near base. 


Overburden 


Orthoquartzite: buff to reddish, fine to 
medium, well sorted, siliceous cement, locally 
subfeldspathic with some sericite cement, thin 
to medium bedded, locally contains hematite 
cemented nodules up to 1.5 inches across which 
occasionally have bleached cores and diffuse 
tails. 

Subfeldspathic to feldspathic, locally conglo- Lif 
meratie sandstone: buff to reddish to brownish 
medium to very coarse and well sorted to fair 
sorted with locally up to 3% pebbles and 
cobbles of quartz, quartzite, granite, silt- 
stone, green shale, mylonite and felsic 
volcanic Meas conglomerate phase show bimodal 
sorting with no granules, medium bedded, 
crossbedded, locally contains hematite 
cemented nodules towards top. 


Overburden 
Orthoquartzite: white to light pink, fine to 
medium, well sorted, strong to moderate 


siliceous cement, generally weaker cement 
towards top. 


Overburden 


Garmet-biotite granite gneiss 
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Section 2: Hornby Channel Formation section measured from north of the 


west end of Paddlefisn Bay to the end of Susanne Peninsula 


on South Simpson Island. Approximate thickness of major 


units was measured from air photograpns based on an estimated 


average dip of 10°. 


1 j sceriptio: py 
Rock Unit a cription Motal 


Slightly conglomeratic sandstone: buff, medium 
to very coarse, locally no gravel, siliceous 
cement, abundant hematite laminations and 
erossbeds, local limonite stained patches due 
to minor pyrite, lower contact ue 
gradational 


Generally conglomeratic sandstone: buff, 
medium to very coarse, fair sorted to poor 
sorted, locally granule conglomerate, siliceous 
cement, quartz and sandstone clasts, abundant 
crossbeds and hematite laminations, local 
hematite stained spots due to pyrite, local 
limonite stained patches up to 30 feet across, 
lower contact very gradational. 


Slightly conglomeratic to conglomeratic sand- 
stone: buff, medium to very coarse sand with 
granules and minor pebbles, fair to poor 
sorted, subfledspathic, siliceous cement, 
locally conglomerate, abundant crossbeds and 
hematite laminations, lower contact very 
gradational. 


Sandstone: buff, medium to very coarse, 
locally slightly conglomeratic, fairly well 
sorted, principally siliceous cement with a 
little sericite, subfeldspathic, massive to 
thick bedded, abundant crossbeds and hematite 
laminations. 


Fault: marked by thin mylonitic quartz vein, 
thought to be minor and not significantly 
offset section. 


Slightly conglomeratic to conglomeratic sand- 
stone: buff, medium to very coarse, fair to 
poor sorted,.5 to 10% gravel, occasional sandy 
conglomerate lenses, pebbles are quartz, 
quartzite, sandstone and argillite, strong 
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Section 2 (cont'd) 


Thiekness in feet 


Rock Unit Description 


Slightly conglomeratic to conglomeratic sand- 
stone (cont'd): silica and sericite cement, 
common hematite laminations and crossbeds, 
rarely hematite stained, lower contact very 
gradational. 


sandstone to slightly conglomeratic sandstone: 
buff, rarely red hematite stained, medium to 
coarse, fair sorted, subfeldspathic, occasional 
thin conglomeratic beds, bimodal sorted with 
pebbles in sand but few granules, pebbles are 
quartz, quartzite, sandstone and argillite, 
strong Silica and sericite cement, occasional 
hematite laminations and crossbeds. This unit 
contains a 2 foot thick, overburden covered, 
recessive bed approximately 130 feet above the 
base, lower contact very gradational. 


sandstone: white to buff, medium to coarse, 
fair to well sorted, slightly feldspathic to 
subfeldspathic, moderate to strong siliceous 
cement, rare thin pebbley horizons with bimodal 
Sorting, minor granitic clasts becoming very 
rare towards top of unit, massive with dark 
hematite laminations, lower contact very 
gradational. 


Sandstone: buff to brownish to red hematite 520 570 
stained, medium to coarse, fair sorted, sub- 

feldspathic, sericite cemented, sandpaper 

weathered surface, locally slightly conglo- 

meratic to conglomeratic with bimodal sorting 

due to minor granules, pebbles mostly quartz 

and minor granite, massive to thick bedded, 

lower few feet have siliceous cement. 


Conglomeratic sandstone: strongly hematized eS 50 
red, medium to very coarse, poor sorted, 

weakly cemented, bimodal sorting with up to 

30% pebbles and cobbles of quartz, quartzite, 

silt, granite and chert or mylonite, minor 

granules. 


Sandstone: reddish to purple, fine to mediun, 10-15 50 
well sorted, siliceous cement, occasional 

hematite cemented nodules up to two inches 

across, some with light colored cores, at 
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Section 2 (cont'd) 


Thickness ity LES b 


Rock Unit Description 


Sandstone (cont'd): hematized nodules, 
laminated by color banding, common bleached 
mottles parallel bedding. 


Slightly conglomeratic sandstone: hematized 
dark red, medium to coarse, fair sorted, sub- 
feldspathic, sericite and silica cemented. 


Orthoquartzite: white to pale pink, fine to 
medium, well sorted, siliceous cement, thin 
bedded and somewhat flaggy, local pink laminae. 


Overburden 


Biotite ~- granite gneiss 


en ee 
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Section 3: Basal Hornby Channel Formation exposed on Contact Island 


southwest of Wilson Island. 


Mh 4 cf 
Rock Unit Deseription ee oe 


—e 


—~— 


nandstone and conglomeratic sandstone: buff, 
medium to granule, poor to fair sorted, ortho- ; 
quartzitic to subfeldspathic, silica and 
sericite cement, abundant festoon crossbeds, 
common hematite laminations, minor pyrite 
common, large limonite stained patches up to 
30 feet across are common towards top of unit. 


Dolomite cemented conglomeratic sandstone: 10 204 
coarse, fair sorted, brown to buff. 

Conglomeratic sandstone: buff to brown, fair Me, 193 
sorted, coarse to granule. 

i Sandstone: buff, medium to coarse, fair sorted. 10 183 
Orthoquartzite: white to buff, fine to mediun, 65 LS 
well sorted, thin bedded, siliceous cement, 
locally contains up to 15% red hematite stained 
spots 0.5 to 1 mm across. 

Overburden 10 108 
Sandstone: buff, medium to coarse, fair sorted, 20 98 


contains 10% hematite stained spots up to 2 mm. 


pebbles of sandstone and quartzite in a matrix 

of coarse to very coarse arkosic sand. 

Dark red siltstone: fissile, hematitic, Es D 
micaceous. 

Sandstone: medium to coarse, fair sorted, 8 13 
Siliceous cement. 


Overburden 20 65 


Stromatolitic dolomite: buff to red on 40 45 
weathered surface, purple, buff, red and pink 

on fresh surface, laminated massive and 

stromatolitic. Stromatolites are close linked 

hemispheroids up to 3 feet across and 3 feet 


t 
Sandy pebble conglomerate: 45% well rounded 5 78 
high. Unusually high background radioactivity. 
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Section 3 (cont'd) 


Rock Unit Description |__Thickness in feet 


Stromatolitic dolomite (cont'd): Lower aed 


is gradational over 1 foot through sandy 
dolomite. 


Sandstone: purplish red, medium, well sorted, 
orthoquartzitic to subfeldspathic, contains 
minor coarse buff sandstone. 


Paleoregolith: granitic rock completely and 
partially altered by sericitization, green and 
locally sheared. 


Slightly altered pink granite and granite 
gneiss, contains biotite and altered biotite, 
schleiren of biotite gneiss often bearing 
minor chalcopyrite, numerous shears and small 
faults. 
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Radiometric contours at 75, 100, 125, 150,300,600, 1000, 2000 


Ne. 


Ohne : 4 
Paes e and 5000 counts per second: measured at waist level with a 


\/)  SRAT SPP-2-NF scintillometer (7.5% inch scntilotor) 


(_.__) Contour uncertain due to overburden or blasting debris 
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SEDIMENTARY & VOLCANIC STRATIGRAPHICALLY UNDEFINED 
ROCKS 


ic ue ROCKS 
ee [ZET THEN GROUP- PREBLE FORMATION- sandstone, quartzite a? 


[2] SOSAN GROUP=HORNBY CHANNEL FORMATION -sandstone,congomeratic sandstone 
W-voleanic lithic sandstone 


SEER GREY SILTSTONE, DOLOMITE 


SUSANNE PENINSULA 


[EEEH UNION ISLAND GROUP - dolomite, shale 
— Wun) WILSON ISLAND GROUP-quartzite, dolomite, volcanics 
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TRATIGRAPHICALLY UNDEFINED 
ROCKS 


AS 
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| Lo. 6 ae oie a 


Hornby Channel Fm; feldspathic to orthoquartzitic sandstone and Limit of outcrop. 
conglomeratic sandstone. Siliceous to sericitic cement. 


_— Approximate geologic cc 


— 


Rusty red hematite stained sandstone and conglomeratic sandstone. ee 
Pie: Ne Definite fault. 
Chlorite cemented lithic sandstone containing volcanic rock fragments. ane 
diselgsar ereleeper Lecell Se Oe 
leins of quartz, quartz and feldspar or feldspar. Locally containi : 
ne “ a a e ; A..-.-.- Instrument set-up (alidad 


hematite 


; ; ale _.... Bench mark. 
Green secondary uranium mineralization ch mark 


‘ellow secondary uranium mineralization 


1, es i> 


Bedding orientation showing current direction Gael way up 
of beds with known and unknown dip. 


Cross bedding, pebble band 
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